




UNIVERSIDADE ESTADUAL DE CAMPINAS 








AVALIAÇÃO DOS EFEITOS DA FINASTERIDA SOBRE O DESENVOLVIMENTO 
PROSTÁTICO INTRAUTERINO E PÓS-NATAL INICIAL DE FÊMEAS E MACHOS DO 




EVALUATION OF THE EFFECTS OF FINASTERIDE ON INTRAUTERINE AND 
EARLY POST-NATAL PROSTATIC DEVELOPMENT OF FEMALE AND MALE OF 









JULIANA DOS SANTOS MALDARINE 
 
AVALIAÇÃO DOS EFEITOS DA FINASTERIDA SOBRE O DESENVOLVIMENTO 
PROSTÁTICO INTRAUTERINO E PÓS-NATAL INICIAL DE FÊMEAS E 
MACHOS DO GERBILO DA MONGÓLIA (MERIONES UNGUICULATUS) 
 
EVALUATION OF THE EFFECTS OF FINASTERIDE ON INTRAUTERINE AND 
EARLY POST-NATAL PROSTATIC DEVELOPMENT OF FEMALE AND MALE 
OF MONGOLIAN GERBIL (MERIONES UNGUICULATUS) 
 
 
Dissertação apresentada ao Instituto 
de Biologia da Universidade Estadual 
de Campinas como parte dos requisitos 
exigidos para a obtenção do título de 
Mestra em Biologia Celular e 
Estrutural, na Área de Biologia 
Celular. 
 
Dissertation presented to the Institute of 
Biology of the University of Campinas in 
partial fulfillment of the requirements 
for the degree of Master in Cellular and 
Structural Biology, in the area of Cell 
Biology. 
 
ESTE ARQUIVO DIGITAL CORRESPONDE 
À VERSÃO FINAL DA DISSERTAÇÃO 
DEFENDIDA PELA ALUNA JULIANA DOS 
SANTOS MALDARINE, E ORIENTADA 
PELO PROF. DR. SEBASTIÃO ROBERTO 
TABOGA. 
 







Universidade Estadual de Campinas
Biblioteca do Instituto de Biologia
Mara Janaina de Oliveira - CRB 8/6972
    
  Maldarine, Juliana dos Santos, 1992-  
 M292a MalAvaliação dos efeitos da finasterida sobre o desenvolvimento prostático
intrauterino e pós-natal inicial de fêmeas e machos do gerbilo da Mongólia
(Meriones unguiculatus) / Juliana dos Santos Maldarine. – Campinas, SP :
[s.n.], 2019.
 
   
  MalOrientador: Sebastião Roberto Taboga.
  MalDissertação (mestrado) – Universidade Estadual de Campinas, Instituto de
Biologia.
 
    
  Mal1. Próstata - Desenvolvimento. 2. Próstata feminina. 3. Gerbilo da
Mongólia. 4. Finasterida. I. Taboga, Sebastião Roberto. II. Universidade
Estadual de Campinas. Instituto de Biologia. III. Título.
 
Informações para Biblioteca Digital
Título em outro idioma: Evaluation of the effects of finasteride on intrauterine and early







Área de concentração: Biologia Celular
Titulação: Mestra em Biologia Celular e Estrutural
Banca examinadora:
Sebastião Roberto Taboga [Orientador]
Cristiane Damas Gil
Silvia Borges Pimentel de Oliveira
Data de defesa: 29-03-2019
Programa de Pós-Graduação: Biologia Celular e Estrutural
Powered by TCPDF (www.tcpdf.org)
 
 









Prof. Dr. Sebastião Roberto Taboga 
Profª. Drª. Cristiane Damas Gil 





Os membros da Comissão Examinadora acima assinaram a Ata de defesa, que se encontra no 





















Dedico este trabalho à minha querida avó 
Carolina (vó Carola), que já não se encontra 
mais nesse plano, mas, com toda a certeza, 
estaria borbulhando de felicidade ao ver a 
primeira neta se tornando Mestre. Seja onde 










Agradeço, em primeiro lugar, Bruno Sanches, colaborador e coorientador extraoficial 
deste trabalho e coorientador da minha Iniciação Científica, por todo o incentivo ao longo 
desses anos,  por me fazer enxergar a ciência de uma forma muito mais ampla, por todas as 
conversas, intelectuais e banais, por compartilhar e confiar suas ideiais comigo, pelas palabras 
de sabedoria, principalmente nos momentos de tensão e frustração (pois, como sabemos, não 
foi nada fácil!!!), pelos longos dias e noites de experimentos, e por me amparar em todos os 
momentos. Você, com certeza, foi a pessoa que mais me ajudou a conquistar esse título... 
Agradeço imensamente ao meu orientador, Prof. Dr. Sebastião Roberto Taboga, pela 
confiança e crédito depositados, por todo o conhecimento científico transmitido e por abrir as 
minhas portas para o extraordinário mundo da pesquisa... 
Ao técnico de nosso laboratorio, Luiz Roberto Faleiros Jr., pelo auxílio prestado ao 
longo dos experimentos e pelos momentos de descontração... 
A todos os companheiros de laboratório, por todas as contribuições prestadas. Em 
especial, à Carol Bedolo, que sempre se prontificou em me ajudar todas as vezes que eu 
necessitei; à Tati Scarpelli, uma parceira de vida e de laboratório que muito me auxiliou e fez 
o ambiente profissional se tornar mais familiar; à Maria Letícia (Marilê) e a Àgata, sempre 
muito prestativas quando eu precisei…  
À Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP), responsável 
pela bolsa de pesquisa e pelo auxílio técnico e financeiro concedidos (nº do proceso: 
2016/16509-8)… 
À Profª. Drª. Paula, por muito prontamente me permitir fazer uso de vários 
equipamentos de seu laboratório… 
À Profª Drª.  Patrícia, pela atenção disponibilizada em diversas ocasiões... 
À secretária da Pós-Graduação em Biologia Celular e Estrutural, Liliam Panagio, uma 




À banca examinadora, pela disposição e presença… 
Aos queridos amigos que a UNESP me presenteou:  
À Ana (Silvia!!), que morou comigo desde o primeiro dia, por toda a nossa história 
compartilhada, todos os conselhos, seu sorriso acolhedor e ombro amigo…  
 À Andréia (Deinha), por ser tão única e transmitir paz com seu jeito doce e confiante 
de que tudo dará certo… 
À Beatriz, por toda a amizade e companheirismo em todos os momentos, tanto bons 
quanto ruins, e por ser uma amiga tão dedicada… 
Ao Max, o irmão que eu sempre quis ter, tão parecido comigo, que me conhece melhor 
do que eu mesma, obrigada pelo carinho… 
À Natália (Miriã), por dividir a grandeza de sua essência, tão ímpar; obrigada por 
fazer parte da minha vida…  
À Tatiane, por ter o sorriso mais meigo e acolhedor, por todas as palavras de conforto, 
por todo o carinho e amizade… 
Aos demais amigos de graduação, Guilherme, Camila, Lucas (Marlene), Rafaela, e o 
restante dos integrantes da extinta T3… 
Gratidão especialmente à minha familia, por todo o amor, dedicação e suporte 
emocional, mental e financeiro que me deram durante esses 26 anos: meu pai Paulo, minha 
mãe Eunice, minhas irmãs Vanessa e Priscila, à nossa querida Julinha que chegará este ano, 
meu cunhado Jorge, minha avó Alvarina (Vavá), minhas tias Márcia (Bigonga), Célia, Eliana 










A próstata é um órgão reprodutivo acessório presente nos mamíferos, cuja formação envolve 
interações complexas entre o epitélio do seio urogenital (UGE) e o mesênquima do seio 
urogenital (UGM). Apesar de não ser exclusiva de machos, poucos são os estudos que se 
centram na próstata de fêmeas. O gerbilo da Mongólia (Meriones unguiculatus) é promissor 
para a investigação do desenvolvimento prostático, já que a próstata está presente em cerca de 
90% das fêmeas, diferentemente de outros roedores de laboratório. Entretanto, a razão para a 
ocorrência da glândula em uma parcela das fêmeas (e também das mulheres) se mantém 
obscura, assim como o papel da testosterona sobre o desenvolvimento inicial da mesma nas 
fêmeas e a origem das diferenças de susceptibilidade a quadros patológicos entre os sexos. O 
presente projeto utilizou duas diferentes dosagens de finasterida, um inibidor da 5α-Redutase, 
enzima que converte a testosterona na sua forma mais ativa, a dihidrotestosterona (DHT), para 
avaliar os efeitos da redução da ação androgênica sobre a próstata de ambos os sexos em dois 
momentos distintos de seu desenvolvimento: primeiramente no período intrauterino, de modo 
a avaliar os efeitos desse fármaco sobre a fase de brotamentos e de ramificação da glândula, e, 
em um segundo momento, no período pós-natal, sobre o início do processo de diferenciação 
morfofuncional dos alvéolos prostáticos. Para tanto, foram utilizadas técnicas de histoquímica, 
imunohistoquímica, imunofluorescência, reconstruções tridimensionais e dosagens hormonais 
séricas. Nós observamos que a exposição intrauterina à finasterida em uma dosagem baixa, 
porém ambientalmente relevante (100 μg/Kg/dia), gerou alterações durante o desenvolvimento 
prostático intrauterino em ambos os sexos, como aumento na espessura da musculatura lisa 
periductal e periuretral, aumento da proliferação estromal em fêmeas, e aumento da expressão 
do receptor de andrógeno (AR) e diminuição do receptor de estrógeno α (ERα) em machos. 
Ainda, uma dosagem cinco vezes maior (500 μg/Kg/dia) foi administrada nos períodos pré e 
pós-natal inicial. No primeiro, houve diminuição da espessura da musculatura lisa periductal 
em machos e aumento da mesma em fêmeas, bem como aumento da proliferação epitelial em 
ambos os sexos, além de aumento da expressão do AR epitelial dos machos e do ERα epitelial 
em fêmeas. Já a exposição à finasterida no período pós-natal levou, em ambos os sexos, ao 
aumento da espessura da musculatura lisa, assim como uma redução na espessura dos alvéolos 
prostáticos em desenvolvimento; entretanto, a próstata das fêmeas se mostrou mais alterada, o 
que foi verificado pela diminuição do número de alvéolos em desenvolvimento e pelo aumento 
da proliferação epitelial, o que não foi observado em machos. Em geral, os dados indicam que 
existem diferenças intersexuais nos efeitos da exposição intrauterina e pós-natal inicial à 
finasterida, o que demonstra que a próstata das fêmeas tem a sua própria dinâmica hormonal ao 
longo de seu desenvolvimento, e que o período em que ocorre tal exposição é relevante, sendo 
que alterações são observadas mesmo em dosagens mais baixas, o que gera preocupações acerca 
do potencial acúmulo dessa substância no meio ambiente e a necessidade de estabelecimento 
de parâmetros para a próstata das fêmeas, já que as dosagens consideradas ambientalmente 






The prostate is an accessory reproductive organ present in mammals, whose formation involves 
complex interactions between urogenital sinus (UGE) epithelium and urogenital sinus 
mesenchyme (UGM). Although not exclusive to males, few studies have focused on the prostate 
gland of females. The gerbil of Mongolia (Meriones unguiculatus) is promising for the 
investigation of prostatic development, since prostate is present in about 90% of the females, 
unlike other laboratory rodents. However, the reason for the occurrence of gland in a portion of 
females (and also woman) remains obscure, as well as the role of testosterone on the initial 
development of the gland in females and the origin of differences in susceptibility to 
pathological conditions among sexes. The present project used two different dosages of 
finasteride, an inhibitor of 5α-reductase, an enzyme that converts testosterone in its most active 
form, dihydrotestosterone (DHT), to evaluate the effects of reducing androgenic action on 
prostate glands of both sexes in two different moments of its development: first in the 
intrauterine period, in order to evaluate the effects of this drug on the budding and branching 
phase of the gland, and, secondly, in the postnatal period, on the beginning of the process of 
morphofunctional differentiation of prostatic alveoli. For that, techniques of histochemistry, 
immunohistochemistry, immunofluorescence, three-dimensional reconstructions and serum 
hormonal dosages were used. We observed that intrauterine exposure to finasteride in a low, 
but environmentally relevant, dosage (100 μg/Kg/day) resulted in changes during intrauterine 
prostatic development in both sexes, such as increased periductal and periurethral smooth 
muscle thickness, increased stromal proliferation in females, and increased androgen receptor 
(AR) expression and estrogen receptor α (ERα) decrease in males. In addition, a dose five times 
higher (500 μg/Kg/day) was administered in the pre and postnatal periods. In the first, there 
was a decrease in the periductal smooth muscle thickness in males and an increase in the same 
in females, as well as an increase in epithelial proliferation in both sexes, and also an increase 
in epithelial RA of males and epithelial ERα in females. Exposure to finasteride in the postnatal 
period, in both sexes, increased the thickness of smooth muscle, as well as a reduction in the 
thickness of the developing prostatic alveoli; however, the females prostate was more altered, 
which was verified by the decrease in the number of alveoli in development and by the increase 
of the epithelial proliferation, which was not observed in males. In general, the data indicate 
that there are intersex differences in the effects of intrauterine and early postnatal exposure to 
finasteride, which demonstrates that female prostate has its own hormonal dynamics throughout 
its development, and that the period in which occurs such exposure is relevant, and changes are 
observed even at lower dosages, which raises concerns about the potential accumulation of this 
substance in the environment and the need to establish parameters for the female prostate, since 
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I.1. A próstata e seu desenvolvimento  
 
A próstata é uma glândula sexual acessória que está presente nos mamíferos 
placentários, caracterizando-se, de forma geral, por possuir um epitélio cúbico ou cilíndrico 
pseudoestratificado, e por ser uma glândula túbuloalveolar, composta por uma porção secretora 
(alvéolos ou ácinos prostáticos) e uma porção ductal (ductos ou ramos prostáticos) que 
circundam regiões específicas da uretra, além de ser envolvida por uma camada de musculatura 
lisa. O componente secretor é responsável pela produção e armazenamento do líquido 
prostático, enquanto o componente ductal é responsável pela liberação dessa secreção, cuja 
finalidade é a de nutrir e ajudar a garantir a sobrevivência dos espermatozoides no trato 
reprodutivo feminino (Biancardi et al., 2017). Sabe-se que a próstata não é exclusiva de machos, 
sendo encontrada em fêmeas de diversas espécies (Brambell; Davis, 1940), como roedores, 
morcegos, coelhos, e inclusive na espécie humana, entretanto, são recentes os estudos acerca 
de uma possível função para a presença desta glândula em fêmeas. Especulou-se que ela 
produziria um fluído semelhante ao produzido em machos, rico em frutose, uma das principais 
fontes de energia para os espermatozoides, de forma a lubrificar o canal vaginal e tornar o 
ambiente menos “hostil”, selecionando, naturalmente, espermatozoides mais aptos a fertilizar 
o gameta feminino (Zaviacic, 1999; Santos; Taboga, 2006).  
Em homens, a próstata é dividida em três zonas distintas: a zona central 
(aproximadamente 25% do volume), a zona de transição e a zona periférica (aproximadamente 
70% do volume), formando uma glândula encapsulada e compacta (McNeal, 1983), o que 
difere, estruturalmente, de outros animais, como roedores, onde a mesma é dividida em lobos, 
com pequenas variações entre as espécies. No caso de machos do gerbilo da Mongólia 
(Meriones unguiculatus), roedor aparentado filogeneticamente ao camundongo e utilizado por 
nosso laboratório, tais lobos são separados em ventral, dorsolateral, dorsal e anterior (Rochel et 
al., 2007); já as fêmeas dessa espécie desenvolvem um único lobo, que possui disposição 
ventrolateral perante o eixo uretral (Figura 1A), sendo homólogo ao lobo ventral de machos 
(Figura 1B) (Santos; Taboga, 2006; Sanches et al., 2016b; Biancardi et al.,2017). A próstata 
feminina, também chamada de glândula parauretral de Skene, apesar de menor (cerca de 5 
vezes), é muito semelhante à masculina, possuindo, basicamente uma porção secretora e uma 
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ductal, envolvidas por tecido muscular liso (Wernert et al., 1992; Zaviacic e t  a l . ,  2000a; 
2000b); entretanto, não é encapsulada, possui disposição dorsolateral, sendo localizada numa 
posição distal da uretra, com relação a bexiga, e está próxima a outras estruturas  glandulares 
associadas a uretra que não expressam marcadores típicos de próstata, como o PSA e PSAP, 
fazendo parte das glândulas parauretrais distintas (Dietrich et al., 2011; Biancardi et al., 2017). 
 
 
Figura 1. Secções histológicas coradas em HE da próstata de fêmea e macho de gerbilo adultos. (A) Lobo único 
da próstata das fêmeas. (B) Lobo ventral dos machos, separado, durante a coleta, da uretra e dos outros lobos. PA 
(alvéolos prostáticos), PSM (musculatura lisa periuretral), U (uretra), S (estroma), L (lúmen dos alvéolos) Cabeça-
de-seta (musculatura lisa periductal), asterisco (secreção prostática), Barra (200 µm). Autoria própria. 
 
O desenvolvimento prostático ocorre de modo conservado entre as espécies de 
mamíferos (Timms, 2008), por meio de interações entre o epitélio do seio urogenital (UGE) e 
o mesênquima do seio urogenital (UGM), no qual surgem projeções ou brotamentos do epitélio, 
estimulados por receptores de andrógenos no UGM (Cunha, 1973; Thomson; Marker, 2006; 
Sanches et al., 2014), que progridem até atingirem mesênquimas condensados periféricos ao 
UGM (Figura 2A), que variam de acordo com o lobo direcionado, tais como o pé-
mensenquimal-ventral (VMP), que possui papel indutivo no desenvolvimento da próstata 
ventral (Timms et al., 1995; Thomson, 2008), sendo o lobo mais estudado, em geral, em nosso 
laboratório, principalmente por portar homologia ao único lobo na próstata das fêmeas, como 
supracitado. Nas fêmeas, o mesênquima para o qual os brotamentos migram é chamado de 
mesênquima ventrolateral (VLM),  que é semelhante ao VMP dos machos (Sanches et al., 
2016b). Concomitantemente, ocorre o desenvolvimento e posterior fechamento da musculatura 
lisa periuretral (PSM), e os brotamentos crescem de modo a contornar a mesma, em direção aos 
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mesênquimas periféricos. Em cada mesênquima periférico ocorre o desenvolvimento 
subsequente dos lobos da glândula prostática, dando origem ao estroma prostático, tecido de 
nutrição e sustentação, e a formação dos ramos ou ductos prostáticos (Figura 2B), que, em 
ratos, se dá no período perinatal e prossegue até aproximadamente o 30° dia (Sugimura et 
al., 1986; Timms et al., 1995). Entre o 3° e o 5° dia pós-natal em ratos (dois dias mais 
tarde nos lobos anterior e dorsal) ocorre a diferenciação das células epiteliais em luminais 
e basais (Prins; Putz, 2008). 
Ao mesmo tempo em que ocorre a diferenciação do epitélio, as células 
mesenquimais adjacentes às ramificações se diferenciam em células musculares lisas 
periductais, que terão grande importância para a contração e liberação da secreção dos 
alvéolos prostáticos, e as células mesenquimais interductais se diferenciam em 
fibroblastos, que levam a produção das fibras de colágeno do tecido. Paralelamente, há a 
progressiva formação dos lúmens da glândula,  tendo início no 5° dia pós-natal e finalizando 
no 12° dia (Figura 2C). Ao término desse processo, tem início a produção secretória da 
glândula (Prins;  Birch, 1995), constituindo o processo de diferenciação morfofuncional da 





Figura 2. Desenhos esquemáticos e secções histológicas coradas em HE do desenvolvimento prostático no lobo 
ventral. (A) Inicialmente, projeções do epitélio do seio urogenital (UGE) surgem de modo a adentrar o mesênquima 
do seio urogenital (UGM), contornando a musculatura lisa que está começando a se formar em torno da uretra. (B) 
Em seguida, invadem mesenquimas periféricos, como, neste caso, o pé-mesenquimal-ventral (VMP), iniciando-se 
o processo de ramificação. (C) Tais ramificações ou ductos sofrem canalização, originando os lúmens dos alvéolos, 
ao passo em que ocorre a diferenciação do VMP em estroma. (D) Por fim, os alvéolos sofrem diferenciação 
morfofuncional. Seta larga (sentido de crescimento dos brotamentos em direção ao VMP, PSM (musculatura lisa 
periuretral), UE (epitélio da uretra), Linha tracejada preto (brotamento prostático), Linha tracejada branca 
(brotamento prostático se ramificando no VMP), Cabeças-de-seta (Lumenização dos ductos prostáticos), Barra 
(200 µm). Retirado de Sanches at al., 2017. 
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O gerbilo da Mongólia (Figura 3) possui uma gestação mais prolongada do que a de 
outros roedores de laboratório, e, desse modo, o desenvolvimento prostático se dá de forma mais 
tardia (Sanches et al., 2014). Os primeiros brotos epiteliais em camundongos aparecem em 
torno do 17° dia e em ratos entre os dias 19° e 20°, enquanto em gerbilos surgem entre o dia 
20° e 21° de vida intrauterina. Ácinos funcionais já estão presentes no 10º dia de vida pós-natal 
(P10) em ratos (Prins; Putz, 2008), enquanto em machos e fêmeas de gerbilo foi confirmada a 
presença dos mesmos somente a partir de P30, de acordo com estudos anteriores de nosso 
laboratório (Sanches et al., 2016b). 
 
Figura 3. Gerbilo da Mongólia (Meriones unguiculatus), modelo de roedor muito utilizado em nosso laboratório. 
Autoria própria. 
 
Sabe-se que existe dimorfismo sexual no desenvolvimento da próstata e que a sua 
diferenciação acontece mais cedo em fêmeas do que em machos, como é evidenciado, por 
exemplo, pela fosfatase ácida, enzima que indica a diferenciação funcional da glândula 
próstatica, estar ativa primeiramente no sexo feminino (Custódio et al., 2004; 2008). Segundo 
Sanches et al. (2016b), o desenvolvimento pós-natal inicial da próstata de fêmeas do gerbilo 
também demonstra tal processo de diferenciação celular mais rápido do que o de machos: o 
processo de formação do lúmen nos ramos prostáticos ocorre no terceiro dia de vida pós-natal 
em fêmeas (P3), mais cedo do que em machos (P7), e em P30 já se observa um aspecto mais 
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diferenciado dos ácinos prostáticos nas fêmeas, exibindo um epitélio simples cúbico/cilíndrico 
semelhante ao que se verifica na próstata adulta, além da camada de musculatura lisa já estar 
diferenciada nessa idade, o que se observa em machos apenas em P45. 
 
I.2. O gerbilo e a possibilidade de investigação da próstata de fêmeas 
Apesar de quimicamente semelhante à próstata masculina, a próstata feminina 
está presente em apenas um terço a metade dos indivíduos (Wernert et al., 1992; Dietrich et al., 
2011). Já no gerbilo da Mongólia, sua presença é quase ubíqua (80-90% dos casos), e foi 
hipotetizado que essa alta incidência poderia estar relacionada com concentrações plasmáticas 
de testosterona particularmente altas (Santos et al., 2006). Apesar de não se saber exatamente 
o porquê da ocorrência de uma próstata funcional nas fêmeas nessa espécie, acredita-se que a 
dinâmica hormonal desses roedores pode ser um dos principais fatores relacionados. Os níveis 
de testosterona sérica nessas fêmeas são relativamente mais altos do que o encontrado, por 
exemplo, em fêmeas de ratos, variando de 0,5 a 2,7 ng/mL contra 0,2 ng/mL, respectivamente, 
apesar de tais valores ainda serem consideravelmente menores do que os verificados em machos 
da mesma espécie (Santos el al., 2006; Albert; Jonik; Walsh, 1990).   
Foi proposto por Thomson e colaboradores (2002) a Hipótese do Musculo Liso, que 
sugere que os níveis mais elevados de testosterona atrasariam o fechamento da PSM, que se 
forma de modo a contornar a uretra, o que permitiria a chegada dos brotamentos epiteliais nos 
mesênquimas indutivos correspondentes, e a ramificação e futura diferenciação dos mesmos. 
Tal hipótese pode esclarecer o desenvolvimento de próstata nos machos, enquanto nas fêmeas, 
por portarem baixos níveis de testosterona, ocorreria um fechamento mais rápido da PSM, e os 
brotamentos iriam regredir, impedindo o desenvolvimento subsequente da glândula. Porém, nas 
fêmeas do gerbilo essa camada de musculatura já se encontra fechada no dia do nascimento, o 
que leva a deduzir que os brotamentos migram ainda no período pré-natal, sendo possível haver 
a formação de uma próstata diferenciada após o nascimento. 
O musculo liso ainda atua, além de barrar a interação entre os brotamentos epiteliais 
e seus mesênquimas indutivos, secretando fatores que inibem a proliferação prostática, como o 
fator de crescimento transformador beta 1 (TGF-β1) (Prins; Putz, 2008), que regula 
negativamente um fator de crescimento essencial para a morfogênese prostática, o FGF10, e, 
desse modo, reduz a proliferação de células epiteliais, e também participa da diferenciação das 
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células musculares lisas periductais (Niu et al., 2011). Esse fato poderia explicar a forma em V 
de migração dos brotamentos prostáticos observada, que ocorre de modo a contornarem a 
camada de músculo liso ainda incipiente. 
Ainda, apesar de os andrógenos serem os principais hormônios esteroides que 
controlam a indução e desenvolvimento da próstata, sabe-se que os estrógenos também 
possuem papel na regulação do crescimento e desenvolvimento da mesma (Santos; Taboga 
2006). Dessa forma, níveis mais elevados de estrógenos, como o estradiol, no período pós-natal 
nas fêmeas poderiam explicar o desenvolvimento de uma próstata funcional em fêmeas de 
roedores (Custódio et al., 2008). Há evidências de que o receptor de estrógeno α (ERα ou ESR1) 
expresso no estroma promove a proliferação de células epiteliais da próstata (Ellem; Risbridger, 
2009; Takizawa et al., 2015); corraborando tal fato, nas fêmeas de gerbilo observa-se a 
expressão aumentada do ERα no estroma prostático, o que levaria à proliferação epitelial, 
enquanto nos machos observa-se que este processo é ativado, principalmente, pelo receptor de 
andrógeno (AR) (Rochel-Maia et al., 2012). 
 
I.3. Variações hormonais e de susceptibilidade a patologias entre a próstata de machos e 
de fêmeas do gerbilo 
Apesar das semelhanças morfofisiológicas que as próstatas de machos e fêmeas do 
gerbilo apresentam, existem diferenças intersexuais em vários aspectos, tanto quanto ao 
desenvolvimento e fisiologia, quanto na sensibilidade à compostos químicos e a 
susceptibilidade a patologias (Santos; Taboga, 2006; Biancardi et al., 2017).   Alguns estudos 
já demonstraram que próstata das fêmeas possui uma dinâmica hormonal diferente da dos 
machos, mostrando maior ou menor sensibilidade a determinados compostos, o que abre um 
grande leque para a investigação dos efeitos dos mais variados fármacos entre os sexos. 
Segundo Fochi e colaboradores (2013), a concentração de testosterona sérica nos 
machos adultos é cerca de 5 vezes maior do que nas fêmeas, enquanto a concentração de 
estradiol dos mesmos é de aproximadamente metade da observada em fêmeas; já a 
concentração de progesterona é cerca de 14 vezes mais elevada em fêmeas adultas do que em 
machos. Portanto, a próstata das fêmeas se desenvolve em um ambiente menos androgênico do 
que os machos, e, possivelmente, os estrógenos desempenhem papeis fundamentais para a 
manutenção da fisiologia da glândula das mesmas (Custodio et al., 2008). Sabe-se que com a 
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ovariectomia, ou castração das fêmeas, ocorre redução da concentração sérica de estradiol, 
levando a redução no tamanho dos alvéolos prostáticos e da atividade secretora, remodelação 
do tecido, além da involução da próstata (Silva et al., 2013; Zanatelli et al., 2014), o que 
demonstra que o estradiol tem ação parecida com a desempenhada pela testosterona nos 
machos, já que os resultados são semelhantes aos observados na orquiectomia, ou castração 
masculina, que diminui a quantidade de testosterona livre nos machos. A próstata de fêmeas 
expostas durante o período intrauterino à uma dosagem elevada de testosterona acarreta em 
uma maior predisposição ao desenvolvimento de neoplasias, como Neoplasia Intraepitelial 
Prostática (PIN) e hiperplasias na próstata (Santos et al., 2006), enquanto em machos ocorrem 
poucas alterações, como diminuição moderada do tamanho dos alvéolos, apesar de ambos os 
sexos apresentarem mudanças na musculatura lisa (Biancardi et al., 2012). Ainda, estudos 
comparativos demonstraram que a exposição pré-natal ao 17β-estradiol (E2) também gera 
diferenças entre os sexos, de modo que mesmo em dosagens mais baixas, ocorrem alterações 
no padrão de ramificação prostática nas fêmeas, o que mostra que estas são mais sensíveis a 
variações na concentração deste hormônio (Sanches et al., 2017a). Deste modo, devido as 
evidências que indicam que a próstata das fêmeas se comporta, em alguns aspectos, 
diferentemente da do macho, a investigação das particularidades da mesma se torna um campo 
amplo e relevante para o estabelecimento de dosagens ambientalmente seguras acerca da 
toxicidade de alguns compostos, já que certas dosagens de substâncias que não afetam a 
próstata de machos podem afetar a de fêmeas. 
Por fim, cabe ressaltar que o gerbilo da Mongólia é um animal interessante para se 
investigar a ação hormonal durante o desenvolvimento prostático e a susceptibilidade a 
patologias (Taboga; Vilamaior;  Góes, 2009), já que a espécie, além de todas as peculiaridades 
citadas, apresenta alta incidência de lesões espôntaneas com o envelhecimento (Santos; Taboga, 
2006; Custódio et al., 2008; 2010), bem como em razão das semelhanças compartilhadas entre 
a próstata das fêmeas do gerbilo com a próstata feminina (Santos et al., 2003; Dietrich et al., 
2011; Sanches et al., 2016a). Com relação a espécie humana, sendo a próstata feminina 
homóloga à masculina (Wernert et al., 1992; Zaviacic;  Ablin, 2000), tal pode originar em 
mulheres neoplasias semelhantes as que ocorrem em homens, de forma que o entendimento 
da fisiologia desse órgão se faz necessário para o desenvolvimento de diagnósticos e 




I.4. Desreguladores endócrinos e a finasterida 
Sabe-se que pequenas oscilações ocasionadas por fatores exógenos, como 
hormônios ambientais e substâncias artificiais que mimetizam hormônios, como desreguladores 
endócrinos químicos (EDCs), na razão da testosterona/estrógeno sérico ao longo da vida, 
podem gerar profundas alterações na próstata e implicar em um aumento na predisposição a 
quadros patológicos (Biancardi et al., 2015), o que se torna mais complexo tendo em vista o 
fato de que a própria razão tende a variar de modo coordenado ao longo da vida (Ellem; 
Risbridger, 2010). Ainda, pouco tem sido investigado sobre o impacto de alterações na 
dinâmica hormonal sobre as vias de sinalização parácrinas empregadas no desenvolvimento 
prostático, que poderiam levar a condições patológicas com a senescência. 
Em gerbilos, no geral, foi visto que a próstata das fêmeas é mais sensível a 
exposição ao bisphenol-A (BPA), um EDC utilizado na fabricação de alguns plásticos que 
mimetiza a ação do estradiol, do que a dos machos já que apresentou alterações mais 
pronunciáveis do que na próstata dos mesmos, como aumento na taxa proliferativa e maior 
predisposição a hiperplasias prostáticas (Lima et al., 2015; Rodríguez et al., 2015). Outro EDC 
que altera a via estrogênica é o ethinylestradiol (EE), composto muito utilizado como 
contraceptivo nas indústrias farmacêuticas. Verificou-se que a exposição pré-natal a esta 
substância, no gerbilo, levou ao aumento de PINs em ambos os sexos quando adultos, assim 
como descontinuidade da musculatura lisa em algumas regiões (Perez et al., 2011; 2012); já 
nos gerbilos mais velhos que foram expostos durante a vida intrauterina foi visto aumento na 
incidência de hiperplasias prostáticas benignas (BPH) tanto em machos quanto em fêmeas, 
entretanto, a ocorrência de PIN e de focos inflamatórios foi maior em machos do que em 
fêmeas, indicando que os machos são mais sensíveis a esse químico do que as fêmeas (Perez et 
al., 2016). 
A substância finasterida, muito utilizada em tratamentos contra BPH, alopecia e 
hirsustismo, também é um potente EDC e atua de modo a inibir a atividade da 5α-Redutase, 
enzima que converte a testosterona em sua forma mais ativa, a di-hidrotestosterona (DHT), que 
porta maior afinidade com o AR e responde pela maior parte da atividade androgênica, de forma 
que tal fármaco leva a inibição de boa parte da produção de DHT (Aggarwal et al., 2010; Chau et 
al., 2015). A ação dessa substância implica, na próstata de roedores adultos machos, em uma 
redução do tamanho da glândula, na conversão do epitélio cilíndrico pseudoestratificado em 
cúbico, redução no volume luminal, problemas na diferenciação da musculatura lisa periacinar, 
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que se torna frouxa (Corradi et al., 2004), estando também relacionada a alterações profundas na 
deposição de fibras colágenas e na organização estromal como um todo (Corradi et al., 2009). Os 
trabalhos de Bowman (2003), por exemplo, mostraram que uma dosagem muito alta de 
finasterida durante o período intrauterino foi capaz de inibir a formação do lobo ventral em um 
quarto dos ratos machos adultos. Contudo, são ausentes estudos dos efeitos da redução da 
atividade androgênica, particularmente sobre os níveis de DHT, como a gerada pela finasterida, 
na próstata de fêmeas, bem como acerca da existência de variações intersexuais decorrentes dessa 
redução no período de desenvolvimento inicial da glândula. 
 Desse modo, os artigos 1, 2 e 3 fizeram uso de reconstruções tridimensionais (3D), 
técnicas histoquímicas e ensaios de imunohistoquímica (IHC) e imunofluorescência (IF) para 
avaliar os efeitos da exposição à finasterida: sobre o desenvolvimento prostático pré-natal de 
ambos os sexos em duas dosagens, uma baixa, porém ambientalmente relevante (100 μg/Kg/dia), 
no Artigo 1, e uma dosagem cinco vezes mais alta (500 μg/Kg/dia), no Artigo 2, e sobre o 
desenvolvimento prostático pós-natal inicial com uma alta dosagem (500 μg/Kg/dia), no Artigo 
3, sendo que tal análise poderia ajudar a elucidar os mecanismos subjacentes às diferenças de 
susceptibilidade a condições patológicas na próstata senescente derivadas de alterações hormonais 
intrauterinas ou cedo na vida pós-natal, verificadas no gerbilo da Mongólia (Perez et al., 2011; 
2012; Biancardi et al., 2015; Perez et al., 2016), e poderia ser útil também para o melhor 
entendimento da fisiologia da próstata feminina, tendo em vista a ocorrência de possíveis 
tumores de origem prostática em mulheres e a escassez de dados acerca do impacto das 
variações hormonais sobre o desenvolvimento incial da próstata feminina, além de gerar uma 
maior preocupação sobre a exposição de xenoestrógenos na glândula de fêmeas, já que doses 
ambientais consideradas seguras são estabelecidas com base na glândula masculina, e há a 
necessidade de se estabelecer um parâmetro para as fêmeas, conforme ocorre o aumento do uso 
de EDCs químicos nas sociedades industrializadas atuais, tais como a finasterida,  que apresenta 









I.5. Hipóteses  
 
 
O presente estudo visa investigar duas hipóteses: 
1) A exposição intrauterina e pós-natal a finasterida altera o desenvolvimento prostático 
em ambos os sexos;  
 






O estudo tem por objetivo avaliar os efeitos da exposição intrauterina e pós-natal 
inicial a finasterida sobre o desenvolvimento da próstata de machos e de fêmeas do gerbilo da 
Mongólia (Meriones unguiculatus), e a presença de possíveis variações intersexuais, por meio 
do uso de técnicas de histoquímica, imunohistoquímicas, de imunofluorescência, reconstruções 
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The prostate is an accessory reproductive gland that is sensitive to the action of exogenous 
compounds known as endocrine disrupters that alter normal hormonal function. Finasteride is 
a widely used chemical that acts to inhibit the conversion of testosterone in its most active form, 
dihydrotestosterone. It is known that intrauterine exposure to finasteride causes changes in the 
male prostate even at lower dosages, however, it is not known whether these dosages are 
capable of causing changes in the female prostate, which is present in a large number of 
mammalian species including humans. In the present study, histochemistry, 
immunohistochemistry (IHC), immunofluorescence (IF), serological dosages, and three-
dimensional reconstruction techniques were employed to evaluate the effects of intrauterine 
exposure to a low dose of finasteride (100 μg/Kg/day) on postnatal prostate development in 
male and female Mongolian gerbils. The results indicate that the gerbil female prostate also 
undergoes alterations following intrauterine exposure to finasteride, exhibiting a thickening of 
periductal smooth muscle and increased stromal proliferation. There are also intersex 
differences in the impact of exposure on the expression of the androgen receptor, which was 
increased in males, and of oestrogen-α receptor, which was decreased in the male prostate but 
unchanged in females. Altogether, this study indicates there are sex differences in the effects of 
finasteride exposure even at low dosages. 
 
Keywords: finasteride, low-dose, smooth muscle, female prostate, intrauterine exposure, 










III.1. 1. Introduction 
 
The prostate is an accessory sexual gland of mammals that plays a pivotal role in 
reproduction by producing an alkaline secretion capable of neutralising the acidic pH of the 
female reproductive tract, increasing the sperm survival rate and acting in spermatozoa 
capacitation (De Jonge et al., 2005; Jin and Yang, 2017; Gupta et al., 2017). Prostate 
development in rodents is later compared to other organs such as the heart and lungs, occurring 
at the end of intrauterine life and at the beginning of postnatal life, but prostate maturation only 
occurs with the onset of puberty (Prins and Putz, 2008; Saffarini et al., 2013). The dynamics of 
prostate development are well conserved among the various orders of mammals in which it 
occurs; thus, rodents have been widely used in studies of prostate development, which depends 
on a complex network of mesenchymal–epithelial interactions between the urogenital sinus 
epithelium and urogenital sinus mesenchyma (Chung and Cunha, 1983; Sanches et al., 2014; 
Cunha et al., 2018). These interactions are modulated by endocrine action, such that prostate 
development depends on hormones, especially male sex hormones, the androgens, although 
oestrogens also play a supplementary role (Weihua et al., 2001; Wu et al., 2017). During 
development, hormonal action is finely coordinated in terms of concentration and time of 
action, such that minor changes in both androgen and oestrogen concentrations can induce 
major changes in prostate development (Marker et al., 2003; Biancardi et al., 2017), as well as 
increased susceptibility to pathological conditions associated with aging (Ho et al., 2006; Prins 
et al., 2007; Perez et al., 2016). 
Changes in the concentration of androgens and oestrogens during development are 
not derived solely from exposure to exogenous hormones during pregnancy or early postnatal 
life, but also from exposure to a wide range of compounds capable of altering normal hormonal 
dynamics. These compounds, known as endocrine disrupters, cause modifications in the 
prostate and other organs of the reproductive system (Sweeney et al., 2015). Exogen chemicals, 
such as ethinylestradiol (Perez et al., 2011, 2017), bisphenol A (Ho et al., 2006; Prins et al., 
2007; Ho and Tam, 2015), and parabens (Costa et al., 2017) mimic the action of hormones and 
are capable of altering both prostatic development and increasing the gland’s predisposition to 
pathological conditions.  
Another class of compounds may act on the enzymes involved in the metabolism 
of sex hormones, such as chrysin that has inhibitory effects on aromatase, the enzyme that 
converts testosterone to oestradiol, and finasteride, which inhibits the action of 5α-reductase, 
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leading to a reduction in dihydrotestosterone (DHT) production, that is the most active form of 
testosterone (Naslund and Miner, 2007; Aggarwal et al., 2010; Hirshburg et al. 2016), since 
DHT has a higher affinity for the androgen receptor (AR) than testosterone. It has long been 
known that DHT is not essential for early prostate development and testosterone is capable of 
promoting prostate induction alone; however, inhibiting DHT production makes the prostate 
gland smaller (Mahendroo et al., 2001). DHT and testosterone are known to activate different 
gene expression pathways; additional studies have shown that intrauterine exposure to 
finasteride, which causes a reduction in DHT levels throughout early prostate development, can 
generate, in addition to the reduction in prostate size, problems in alveoli formation, decreased 
secretory activity, and, in higher dosages, non-formation of prostate lobes (Bowman et al., 
2003). 
There are a few studies investigating intrauterine exposure to finasteride in the male 
prostate and fewer studies with the female prostate. Females of various species have some 
clusters of glands in the urethra that are homologous to the male prostate. Although not 
encapsulated and smaller, the female prostate is capable of producing a secretion similar to that 
produced by the male prostate, and has similar prostate alveoli and other tissue elements typical 
of the male prostate (Santos and Taboga, 2006; Biancardi et al., 2017). In the case of rodents, 
which have a lobulated prostate, the single lobe of the female prostate is similar to the male’s 
ventral lobe (Sanches et al., 2016a). The scarcity of studies on female prostates in rodents can 
be explained by the fact that rodent females typically used in research, such as rats and mice, 
do not have prostates, although they also develop prenatal budding, but they involute later in 
development (Thomson et al., 2002). 
Females of other species of rodents, however, such as Mongolian gerbils (Meriones 
unguiculatus), have a high occurrence of functional prostates. As a result, this species has been 
widely used in studies investigating the female prostate and the effects of hormonal 
manipulation (Santos and Taboga, 2006; Sanches et al., 2016b; Biancardi et al., 2017). This 
type of investigation becomes relevant in light of the presence of functional prostates in at least 
half of women (Dietrich et al., 2011), which are unencapsulated, much smaller than the male 
prostate, approximately 5 g in weight (Zaviačič et al., 2000b), and can spread into the urethra 
especially in a more medial region (Dietrich et al., 2011; Costa et al., 2016). Evidence has 
accumulated that the female prostate could be affected by similar pathologies as those that occur 
in the male, such as adenocarcinomas (Zaviačič et al., 2000b; Thum et al., 2017; Muto et al., 
2017; Tregnago and Epstein, 2018) and prostatitis (Gittes and Nakamura, 1996). In addition, 
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there are studies that have indicated that the female prostate is also impacted differently than 
male’s by intrauterine exposure to endocrine disrupters (Perez et al., 2012, 2017), in addition 
to exogenous hormones (Sanches et al., 2017a), and that these exposures could lead to increased 
susceptibility to pathological conditions associated with aging in a sex-specific manner (Perez 
et al., 2016, 2017). The aim of the present study was to evaluate the effects of intrauterine 
exposure to a low dosage of finasteride on early postnatal prostate development in both male 
and female gerbils and the possible occurrence of sex-specific differences. 
 
III.1. 2. Materials and methods  
 
Animals and experimental design 
The females and males of gerbils (Meriones unguiculatus) used in this experiment 
came from the laboratory of the Institute of Biosciences, Letters and Exact Sciences of UNESP, 
Campus of Sao Jose do Rio Preto (SP), and were maintained in polyethylene boxes, under 
controlled light conditions (12h light / dark) and average temperature of 25ºC, with filtered 
water and ad libitum food. Handling of the animals and experiments were conducted in 
accordance with UNESP Ethical Guidelines (Ethical Committee CEUA number 162/2017 and 
the Guide for Care and Use of Laboratory Animals (The National Academies Press, 2011, 
Washington, DC). In this experiment we used 10 female and 10 adult males of Mongolian 
gerbils (Meriones unguiculatus, Gerbilinae: Criscetidae) between 3 and 6 months of age. Each 
of these females was maintained with a male of the same age. Mating was observed through 
vaginal spreading in order to verify the presence of spermatozoa (day 0 of gestation), and, thus, 
two groups were formed, 5 pregnant females per group. As a way to evaluate possible disruptive 
effects on prostate development resulting from intrauterine low-dose exposure to finasteride, a 
treated group was formed by 5 pregnant females that received a dose of 100 μg/Kg/day of 
finasteride from the 16th to 24th gestational day, a critical period of prostate induction, 6 pups 
of each sex of this treated females were used for the establishment of the F100 group. The 
control group was formed by 6 pups of each sex of 5 pregnant females that received doses of 
100 μl of mineral oil (Nujol Mantecorp) from the 16th to 24th gestational day. All pups were 
sacrificed on the 7th day of postnatal life (P7) by lethal injection containing a mixture of an 
anaesthetic, ketamine (100 mg/Kg, Dopalen, Vetbrands, Brazil), a muscle relaxant, xylazine 
(11 mg/Kg Rompun, Bayer, Brazil); and prostate complexes were extracted, fixed and then 
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subjected to histochemical, immunohistochemical and immunofluorescence assays. Blood 
samples were collected and stored for serological analysis.  
 
Light Microscopy  
The gerbil prostate complexes were fixed for 24 hours in 4% paraformaldehyde 
(PFA) and were dehydrated in ethanol series, cleared in xylene, and finally embedded in 
paraffin (Histosec, Merck Dermstadt, Germany). Prostatic complexes in 4% paraformaldehyde 
were subjected to immunohistochemical assays for PCNA, ERα and AR, as well as to 
immunofluorescence assays for α-Actin, and they were also subjected to staining with 
haematoxylin-eosin (H&E) for morphological and three-dimensional reconstruction analysis. 
All prostate complexes were cut serially (5 μm) on a microtome and histological slides were 
mounted. Image capture was performed using an Olympus BX60 light microscope (Olympus, 
Japan) attached to a computer with DP-BSW V3.1 software (Olympus) and AMS Image-Pro 
6.1 software (Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). 
 
Three-dimensional reconstructions  
Three-dimensional reconstructions were performed for both F100 and control 
groups to obtain a 3D detailing of branching and morphofunctional differentiation of the gerbil 
ventral prostate in males or the single prostatic lobe in females and the effects of low-dose in 
utero exposure to finasteride on it. Histological sections of the prostatic complex were cut 
serially, 5 μm thick, and then were mounted in histological slides and stained with H&E. After, 
these were analysed and photographed through an Olympus BX60 light microscope (Olympus, 
Japan) coupled to a computer with the DP-BSW V3.1 software (Olympus) AMS and Image-
Pro 6.1 software (Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). 
Later, the images were reconstructed through Reconstruct software (Fiala, 2005). The number 
of prostatic branches was obtained through this software, so that all branches of the ventral 
prostate were rebuilt for each animal of each experimental group (n = 6 per experimental group, 






The sections of gerbil ventral prostates of males and of the single prostatic lobe of 
females of both the F100 and control groups were subjected to immunohistochemistry for the 
detection of PCNA (Proliferating cell nuclear antigen), ERα (Estrogen Receptor α) and AR 
(Androgen receptor) according to the methodology performed by Zani et al. (2018). The 
antibodies were used (in a dilution of 1: 100) for the detection of PCNA (mouse monoclonal 
IgG2a, PC10, SC- 56, Santa Cruz Biotechnology), ERα (rabbit polyclonal IgG, MC-20, sC-
542, Santa Cruz Biotechnology) and AR (rabbit polyclonal IgG, C-20, sc-816, Santa Cruz 
Biotechnology, CA, USA). As a secondary antibody, the rabbit anti-Mouse IgG (Post Primary, 
Novolink, Leica Biosystems, Buffalo Grove, IL, USA) and later with anti-rabbit Poly-HRP-
IgG (Polymer, Novolink, Leica Biosystems, Buffalo Grove, IL, USA). The incubation time for 
both was 45 minutes at 37°C. The revelation was made with diaminobenzidine (DAB) and the 
sections were counterstained with Harris haematoxylin. Histological sections were analysed 
with the Olympus BX60 light microscope (Olympus). Negative controls were obtained by 
omitting the step of incubating the primary antibody, and the other steps are the same, as the 
incubation step with the rabbit anti-Mouse IgG (Post Primary, Novolink, Leica Biosystems, 
Buffalo Grove, IL, USA) and later with anti-rabbit Poly-HRP-IgG (Polymer, Novolink, Leica 
Biosystems, Buffalo Grove, IL, USA) and, finally, the revelation with DAB and counterstaining 
with Harris haematoxylin. Assays for PCNA, ERα and AR were measured according to the 
methodology described hereinafter. 
 
Quantification of IHC assays and morphometry  
For the purposes of quantification of the immunohistochemical assays, 30 random 
microscopic fields were used to count the total number of cells for each experimental group in 
3 different animals per sex for PCNA, ERα and AR, in order to separate the positively and 
negatively immunolabeled cells, according to the methodology described in Fochi et al. (2013). 
Using the Image J software, a minimum of 1000 cells was counted per group and then the 
percentage of immunostaining was calculated as the number of positive cells divided by the 
total number of cells. Also, 30 random microscopic fields per animal for each group, 3 different 
animals per sex, were used to measure the thickness of the developing alveoli on P7, to verify 
the possible alterations in the development of alveoli and in the branching process. The 
periductal and periurethral smooth muscle thickness was also measured on P7, using 30 random 
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microscopic fields for each group of 3 different animals, and finally, the number of prostatic 
branches was measured in the same software used to perform 3D reconstructions, the 
Reconstruct (Fiala, 2005). Quantitative results are expressed as mean ± standard deviation (SD). 
 
IF assays  
Immunofluorescence was performed on paraffin-embedded tissue sections using 
the protocol described by Sanches et al. (2017b). The prostate samples were fixed in 4% 
paraformaldehyde (buffered in 0.1 M phosphate, pH 7.4) for 24 hours. After fixing, the tissues 
were washed in water, dehydrated in a series of ethanol solutions, embedded in paraffin 
(Histosec, Merck, Darmstadt, Germany), then sectioned to 5 μm using a microtome (RM2155, 
Leica, Nussloch, Germany). In order to verify the effects of intrauterine exposure to finasteride 
(500 μg/Kg/day) on prostatic smooth muscle development, assays for α-SMA (α-smooth 
muscle actin) were performed (mouse monoclonal, IgG2a, 1A4, sc-32251, Santa Cruz 
Biotechnology) and this primary antibody was incubated overnight at a dilution of 1:100. The 
next morning, sections were incubated with goat anti-mouse FITC-labeled (sc-2011; Santa Cruz 
Biotechnology) secondary antibody, diluted 1: 200 in 1% bovine serum albumin (BSA) for 2 
hours at room temperature, then stained with DAPI (F36924; Life Technology, Grand Island, 
NY, USA). The histological sections were analyzed with a ZeissImager M2 fluorescence 
microscope (Zeiss, Oberkochen, Germany) coupled to AxioVision (Zeiss) software. Negative 
controls were obtained by omitting the step of incubating the primary antibody, and the other 
steps are the same, as the incubation step with goat anti-mouse FITC-labeled (sc-2011; Santa 
Cruz Biotechnology) secondary antibody and the staining with DAPI (F36924; Life 
Technology, Grand Island, NY, USA). 
 
Serum hormonal analysis  
The blood of male and female gerbils from F100 and control goups was collected 
at the time of decapitation. The blood was allowed to clot for 15 min in the fridge and 
centrifuged to obtain serum at 3000 rpm for 20 min, and stored at -80°C until analysis. 
Hormonal dosages were performed in duplicate by ELISA and using kits with high sensitivity 
(Testosterone EIA Kit, Cayman Chemical Company, MI, USA) following the manufacturer’s 
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instructions. The readings were performed using the lector SpectraMax Plus 384, at 405 gm 
(Molecular Devices, Sunnyvale, CA, USA).  
 
Statistical analysis  
Data were initially studied by analysis of variance (One-way ANOVA) and 
subsequently by the Tukey test for multiple comparisons, with a significance level of 5% (p ≤ 
0.05). Statistical tests were performed using Statistica 7.0 software (StarSoft Inc., Tulsa, OK, 
USA).  
 
III.1. 3. Results 
 
 
3D reconstructions, haematoxylin and eosin staining, and morphometry 
In the female prostate sections of the control group stained with haematoxylin and 
eosin, incipient periductal smooth muscle was observed around prostate branches in the anterior 
region (Figure 1A). In the treated group, in addition to the periductal region, developing 
musculature was also verified in the interductal region (Figure 1B). In the posterior region of 
the prostate, the periductal smooth muscle was well developed in females of the control group 
(Figure 1C). As in the control group, in F100 group females, the smooth muscle in the posterior 
region of the prostate was also developed; however, it can be verified its continuity with the 
periurethral smooth muscle (Figure 1D). Three-dimensional (3D) reconstructions of the control 
group demonstrate the differentiation of periductal smooth muscle in females in a postero-
anterior direction (Figure 1E, G). In the group treated with finasteride, the periductal smooth 
muscle was already thicker and more developed in the anterior and posterior region of the 
prostate, which differed from the control group (Figure 1F–H). In males of the control group, 
incipient periductal smooth muscle in the anterior region of the prostate was observed (Figure 
1I), whereas in the treated group, there was greater development of the periductal smooth 
muscle and smooth muscle development in the interductal region (Figure 1J). As in females, 
the periductal smooth muscle in the posterior region of the male prostate of the control group 
was more developed than in the anterior region, and there is incipient development of this 
muscle (Figure 1K), while in the treated group (Figure 1L) periductal smooth muscle was more 
developed as well as it was verified smooth muscle in the interductal region. The 3D 
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reconstructions of the control group demonstrate the differentiation of the periductal and 
interductal smooth muscle in males in the postero-anterior direction (Figure 1M. O). In males 
of the F100 group, the smooth muscle was also developed in the interductal region, which 
implies a greater thickening (Figure 1N, P). There was no statistically significant difference in 
the number of prostate branches between the control (1ary, 4 ± 1; 2ary, 12 ± 3; 3ary, 12 ± 3; 
and >3ary, 14 ± 5), and F100 groups (1ary, 5 ± 1; 2ary, 10 ± 1; 3ary, 13 ± 5; and >3ary, 19 ± 
4) in the developing prostates of males (Figure 1Q). As in males, there was no statistically 
significant difference in the number of prostate branches between females in the control (1ary, 
2 ± 1; 2ary, 6 ± 1; 3ary, 3 ± 1; and >3ary, 2 ± 1) and F100 (1ary, 3 ± 1; 2ary, 6 ± 1; 3ary, 7 ± 2; 
and >3ary, 3 ± 2) groups (Figure 1R). As verified for the number of branches, the thickness of 
the prostate branches also did not present statistically significant differences between the treated 
groups of males and females (58.2 ± 3 and 63.7 ± 4 μm, respectively) compared with the control 
groups (64.2 ± 3 and 60.5 ± 3 μm, respectively) (Figure 1S). The thickness of the periductal 
smooth muscle showed a statistically significant increase in the F100 groups of males and 
females (23.4 ± 1 and 46.2 ± 2 μm, respectively) compared with the control groups (17.5 ± 1 
and 22.7 ± 1 μm, respectively) (Figure 1T). As observed for periductal smooth muscle, a 
statistically significant increase was observed in both males and females in periurethral smooth 
muscle thickness in the treated groups (80.6 ± 4 and 67.8 ± 2 μm, respectively) compared with 
the control groups (61.9 ± 2 and 55.4 ± 2 μm) (Figure 1U). 
 
IF assays for α-SMA 
Immunolabelling for α-smooth muscle actin (α-SMA) was incipient in the 
periductal region of the prostate branches in females of the control group (Figure 2A–C). In 
females of the treated group, α-SMA immunolabelling was verified in the periductal region, as 
well as in the interductal region (Figure 2D–F). As in females, α-SMA immunolabelling was 
incipient in the periductal region in males of the control group (Figure 2G–I). Stronger α-SMA 
immunolabelling was verified in the periductal region in the developing prostate in males of 






IHC assays for AR 
In the immunohistochemical assays, there was an increase in the expression of the 
AR in the epithelium of males in the F100 group (66.7 ± 5%) compared to the control group (34.4 
± 4%). In females, there was no difference in epithelial AR between the F100 (35.6 ± 3%) and 
control groups (29.7 ± 5%). In the stroma, no differences were observed in males or females in 
the F100 group (78.9 ± 4 and 72.9 ± 5%, respectively) compared to the control group (88.7 ± 7 
and 63.1 ± 5 %, respectively) (Figure 3A–F). 
 
IHC assays for ERα 
In the immunohistochemical assays for ERα, no significant differences were 
observed in the number of ERα-positive cells in either the prostate epithelium or stroma in 
females of the F100 (10.3 ± 1 and 41.9 ± 6%, respectively) and control (9.5 ± 2 and 52.9 ± 5%, 
respectively) groups. Conversely, in males, there was a decrease in the number of ERα-positive 
cells in both the prostate epithelium and stroma between the F100 (14.8 ± 2 and 11.3 ± 2%, 
respectively) and control (30 ± 4 and 30.3 ± 3%, respectively) groups (Figure 3G–L). 
 
IHC assays for PCNA 
In females, an increase was observed in the number of PCNA-positive cells in the 
prostate stroma of the F100 group (82.2 ± 5%) compared to the control group (70.2 ± 3%). No 
significant differences were observed in the number of PCNA-positive cells in the epithelium of 
females of the F100 group (66.3 ± 3%) compared to the control group (59 ± 4%), as well as no 
significant differences in males in the epithelium or stroma of the F100 group (84.2 ± 6% and 
76.7 ± 4%, respectively) compared with the control group (73.1 ± 5 and 77.8 ± 6%, respectively) 
(Figure 3M–R). 
 
Serum hormonal analysis  
A decrease in serum testosterone levels in the F100 group was observed in both 
males and females of the F100 groups (1149.3 ± 29.5 and 973.5 ± 12.2 pg/mL, respectively) 
compared with the control groups (1498.9 ± 48.3 and 1247.2 ± 21 pg/mL) (Figure 4). 
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III.1. 4. Discussion 
 
There is limited data in the literature regarding intrauterine exposure to finasteride 
and the available results are restricted to the effects on sexual characteristics in males. At small 
dosages, as used in this study, only changes in anogenital distance and nipple retention have 
been verified, and changes in prostate weight are observed in male rats only in a 100-fold higher 
dosage (10 mg/Kg/day) compared to that used in this study. The dorsolateral and ventral 
prostate lobes were absent in 21–24% of rats exposed to a 1000-fold higher dosage (100 
mg/Kg/day) (Bowman et al., 2003). Our study showed that even this lower dosage (100 
μg/Kg/day) was sufficient to promote changes in smooth muscle in the male prostate. In 
addition, it was verified for the first time that the female prostate is also sensitive to this low 
dosage and that, although there is a greater thickening in both sexes, the periductal smooth 
muscle undergoes greater alterations in females and the periurethral smooth muscle in males. 
Continuity of the periurethral smooth muscle with periductal smooth muscle was verified in 
females, which may indicate future problems in their functionality. Still, the morphometric data 
showed that the prostate branching thickness was not altered in either sex, something that was 
not seen in previous studies at the same dosage either. 
In the prostate epithelium of males there was an increase in the AR in the group 
treated with a low dose of finasteride, but no differences were observed in the stroma. In 
addition, no differences were observed in the AR in the epithelium or stroma of treated females. 
The expression of ERα remained unchanged in the females of the treated group compared to 
the control, both in the epithelium and in the stroma, but in males there was a decrease in the 
presence of this receptor in both the epithelium and the stroma. The increase in AR in males 
may indicate a compensation for the decrease in DHT. Moreover, decreased levels of ERα 
observed may indicate a lower oestrogenic sensitivity, possibly due to a lower conversion rate 
of testosterone to oestradiol to compensate for a less androgenic environment. Although studies 
have indicated that finasteride does not cause changes in serum oestradiol levels (Finn et al., 
2006), these variations may occur within the prostate tissue and it was not measured in this 
study. 
As for serum testosterone concentration, in contrast with the literature on the effects 
of exposure to finasteride in the postnatal period, especially on treatments against Benign 
Prostatic Hyperplasia (BPH), in which an increase was observed (Roehrborn et al., 2003; 
Stanczyk et al., 2013), our data indicate a reduction in its concentration, which may indicate 
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distinct effects between intrauterine and postnatal exposure, given that the hormonal 
environment changes throughout prostate development (Feldman et al., 2002; Liu et al., 2007). 
For example, testosterone to oestradiol ratio changes over time, as testosterone levels decreases 
and oestradiol levels tends to remain more stable (Ellem and Risbridger, 2010), as well as the 
testosterone to DHT ratio, as testosterone decreases while DHT remains stable, which indicates 
a lower free testosterone level and maintenance of DHT production at a baseline (Feldman et 
al., 2002). Thus, the present study indicates that, in addition to the dosage, the exposure period 
to finasteride may generate different effects on the prostate hormonal environment, which adds 
complexity to a hormonal environment that is already naturally dynamic.  
The female prostate stroma was more proliferative following exposure to 
finasteride, but differences were not observed in the epithelium or stroma of the male prostate. 
This sex-specific variation indicates complex effects of finasteride on the female prostate, along 
with changes in smooth muscle formation that may indicate that the female prostate can be 
affected at low doses of finasteride, which becomes worrisome in the face of the presence of 
prostate glands in a proportion of women (Zaviačič et al., 2000b; Dietrich et al., 2011; Costa et 
al., 2016) and the possibility that they may be affected by similar diseases as those that occur 
in the male prostate, such as cancer and prostatitis (Gittes and Nakamura, 1996; Zaviačič et al., 
2000b; Thum et al., 2017; Muto et al., 2017; Tregnago, and Epstein, 2018). In addition, there 
is evidence in the gerbil that the female prostate may also suffer from increased susceptibility 
to pathological conditions due to exposure to exogenous hormones and/or endocrine disruptors 
during prostate development (Perez et al., 2011, 2016; Biancardi et al., 2015), which increases 
concerns that exposures to certain substances, such as finasteride, even at low dosages such as 
the one used in this study, may act to generate neglected changes in prostate development and 
increases in susceptibility to diseases associated with aging, since safety parameters have been 
determined for the male prostate. It is interesting to note that there are few studies on the 
presence of finasteride in the environment, especially in effluents; however, it is known that, in 
addition to the possible risks to the female prostate, finasteride present in the environment has 
an impact on aquatic fauna, generating changes in the reproductive system of fish (Lee et al., 





III.1. 5. Conclusions 
 
The present study showed for the first time the presence of prostate alterations in 
both males and females treated with a low dose of finasteride (100 μg/Kg/day). Both sexes 
presented alterations in smooth muscle; the female prostate presented major alterations in 
periductal smooth muscle with fusion with periurethral smooth muscle, which may imply future 
differentiation defects. At the same time, the stroma of the female prostate became more 
proliferative, which, together with the smooth muscle alterations, indicates larger changes in 
the development of the prostate in females compared with males. In both sexes, there was a 
reduction in serum testosterone concentration; in males, however, the increase in the AR may 
act to compensate for this reduction. Finally, the present study raises the possibility that the 
female prostate, including in humans, will be more severely affected by low dosages of 
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Figure 1. Histological sections of the prostate of females and males on the 7th day of postnatal 
life (P7) stained in HE and 3D reconstructions of the control group and the group treated with 
100 μg/Kg/day of finasteride in the prenatal period (F100). (A) In females of the control group, 
the incipient periductal smooth muscle can be observed around the prostate branches in the 
anterior region. (B) In the treated group, the developing musculature can be verified both in the 
interductal and periductal region. (C) In the posterior region of the prostate, in the control group, 
the periductal smooth muscle is well developed. (D) As in the control group, the periductal 
smooth muscle in the posterior region of the prostate of the treated group is also developed, 
however, it can be verified the continuity of the same with the periurethral smooth muscle. (E, 
G) The 3D reconstructions of the control group demonstrate the differentiation of the periductal 
smooth muscle in females in the postero-anterior direction. (F-H) In the group treated with 
finasteride, the periductal smooth muscle is already thicker and more developed in the prostate 
anterior and posterior region, differently from the control group. (I) In the control group of 
males, the developing periductal smooth muscle in the anterior region of the prostate is 
observed and there is incipient development of smooth muscle in interductal region, while in 
the treated group (J) there is a greater development of the periductal and the smooth muscle in 
the interductal region is also more developed. (K) Incipient development of periductal smooth 
muscle in the posterior region is verified in the control group, while in the treated group (L), 
periductal smooth muscle is more developed as well as it is verified smooth muscle in the 
interductal region. (M, O) The 3D reconstructions of the control group demonstrate the 
differentiation of the periductal smooth muscle in males in the postero-anterior direction. (N, 
P) In the F100 group, the smooth muscle also develops in the interductal region, which implies 
a greater thickening of it. (Q) There was no statistically significant difference in the number of 
prostatic branches between the control and the F100 group in the developing prostate of the 
males. (R) As in males, there was no statistically significant difference in the number of 
prostatic branches between the control group and the F100 group in females. (S) As verified for 
the number of branches, the thickness of the prostate branches of both sexes also did not present 
statistically significant differences. (T) The thickness of the periductal smooth muscle presents 
a statistically significant increase in the F100 group in comparison to the control group in both 
sexes. (U) As observed for the periductal smooth muscle, a statistically significant increase in 
periurethral smooth muscle thickness was observed in the treated group compared to the control 
group in both sexes. PSM (Periurethral smooth muscle), U (Urethra), Arrow (Periductal smooth 
muscle), white arrowhead (detail of periductal smooth muscle), black arrowhead (development 
of smooth muscle in the interductal region), Red (smooth muscle), Cyan (Prostate branches), 
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Green (Urothelium), Dark blue (Urethra lumen), White bar (200 μm), a, b, c (different letters 















Figure 2. IF assays for α-SMA of the developmental prostate of females and males on the 7th 
day of postnatal life (P7) of the control and F100, with counterstaining of nuclei with DAPI. 
(A-C) The labeling for α-SMA is incipiently verified in the periductal region of the prostatic 
branches in females of the control group. (D-F) In females of the treated group, α-SMA 
immunolabelling is verified in the periductal region, as well as in the continuity with the 
periurethral smooth muscle. (G-I) As in females, α-SMA immunolabelling in the periductal 
region in males of the control group is still incipient. (J-L) The α-SMA immunolabelling is 
verified in the periductal region of the developing prostate of males of the F100 group. PB 
(Prostate branches), (PSM) Periurethral smooth muscle, (U) Urethra, (Arrow) α-SMA 








Figure 3. IHC assays for AR, ERα and PCNA in sections of the developing ventral prostate of 
females and males of 7 days in the postnatal life (P7) of the control group and of the F100. (A-
F) There is an increase in the AR presence in the epithelium of males of the F100 group 
compared to the control group. In the epithelium of females there is no difference in the number 
of AR positive cells between the treated and control groups. In the stroma, no differences were 
observed between the F100 group and the control group in both males and females. (G-L) No 
significant differences were observed in the number of ERα positive cells between females of 
the F100 and the control group in both the prostate epithelium and stroma, differently than in 
males, where there is a decrease in the number of ERα positive cells both in the prostate 
epithelium and stroma. (M-R) There was an increase in the number of PCNA positive cells in 
the prostate stroma of females of the F100 group compared to the control group. No significant 
differences were observed in the number of PCNA positive cells in the epithelium of the 
females of the F100 group compared to the control group, as well as no significant differences 
were observed in males of the F100 group and the control group in both the prostate epithelium 
and stroma. PB (Prostate Branches), Arrow (Stromal immunolabeling), Headarrow (Epithelial 
immunolabelling). a, b, c (different letters between the bars indicate the occurrence of a 

















Figure. 4. Serum testosterone concentration in males and females of F100 and control groups. 
A decrease in serum testosterone levels (pg / mL) in the F100 group is observed in both males 
and female gerbils compared to the control groups. a, b, c, d (statistically significant difference 
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Finasteride is a drug that is widely used in treatments against benign prostatic hyperplasia 
(BPH) as well as hair loss and even as a chemotherapeutic in the treatment of prostatic 
adenocarcinoma. However, its use is known to cause several side effects in adults and can act 
to generate changes in the embryonic development of the male prostate, and could raise 
concerns in view of the possibility of its accumulation in the environment. Nevertheless, there 
are no studies of the impact of this substance on the development of the prostate in females, 
which occurs in several species of mammals, including humans. In order to evaluate the effects 
of intrauterine exposure to finasteride (500 μg/Kg/day) on prostate postnatal development in 
the Mongolian gerbil, a rodent species which is widely used in studies on the female prostate, 
the present study used immunohistochemistry (IHC), immunofluorescence (IF), serological 
analysis and 3D reconstruction techniques. Differences were observed in the impact of 
finasteride on periductal smooth muscle and cell proliferation between sexes, as well as intersex 
differences in the presence of AR, which is elevated in males, and ERα, which is increased in 
females. Together, the data indicate that the female prostate has its own hormonal dynamics 
and that there are sex-specific differences in the way in which it reacts to prenatal exposure to 
finasteride. 
 
Keywords: finasteride, sex-specific changes, intrauterine exposure, gerbil, androgen receptor, 











III.2. 1. Introduction 
 
The prostate is an accessory reproductive gland present in mammals that develops 
through complex epithelial-mesenchymal interactions during prenatal life, originating from the 
urogenital sinus (UGS), a structure that has an endodermal origin and will give rise to the 
urethra (Santos and Taboga, 2006). Under androgenic stimulation (Thomson et al., 2002), 
urogenital sinus mesenchyme (UGM) induces the budding formation in urogenital sinus 
epithelium (UGE); these epithelial buds will grow and achieve peripheral condensed 
mesenchymes that will induce prostate’s development during the postnatal period (Timms et 
al., 1995), where the branching, canalization and differentiation process will take place, leading 
to the progressive formation of prostate acini. At the same time as the epithelial differentiation 
occurs, the mesenchymal cells differentiate into periurethral smooth muscles, surrounding the 
periurethral mesenchyme (Thomson et al., 2002; Timms, 2008; Powers and Marker, 2013; 
Sanches et al., 2014; Sanches et al., 2016b; Cunha et al., 2018). Prostate development is 
considerably conserved among mammals, however, unlike men, in which the prostate is a 
compact, encapsulated structure divided into zones (McNeal, 1983), in rodents it is divided into 
lobes with little variations between species. In the Mongolian gerbil (Meriones unguiculatus), 
species used in this study, the lobes are separated into ventral, dorsal, dorsolateral and anterior 
(Rochel et al., 2007). This species has a gestation period of 24 days, longer than that of other 
laboratory rodents, such as mice and rats, which have a gestation of 19 days and 21 days 
respectively. The first epithelial buds in mice appear around the 17th day and in rats 
approximately on the 18th day of intrauterine life, while in gerbils they appear between the 20th 
and 21st days. Functional acini are present on the 10th day in the postnatal life (P10) in rats 
(Prins and Putz, 2008), while in gerbil it was confirmed only on P30 (30th day in the postnatal 
life), according to previous studies (Sanches et al., 2016b). 
Among the androgens, dihydrotestosterone (DHT) has a 10-fold higher affinity for 
the androgen receptor (AR) and plays a relevant role in postnatal development of the prostate 
(Goldenberg et al., 2009), promoting branching morphogenesis and morphofunctional 
differentiation of the acini. Previous studies have shown that the inhibition of DHT production 
by finasteride may lead to changes in the number of prostatic branches, as well as defects in the 
formation of prostatic acini in male rats and gerbils (Bowman et al., 2003; Corradi et al., 2009). 
Finasteride is a substance that is widely used in the treatment of Benign Prostatic Hyperplasia 
(BPH), alopecia and hirsutism (Anitha et al., 2009; Lakryc et al., 2013; Lee et al., 2018), and 
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acts as a selective competitive inhibitor of 5α-Reductase type 2, which is the enzyme that 
converts testosterone to DHT in the prostate (Goldenberg et al., 2009). It is also known that 
DHT differs from testosterone in the gene activation pathways; since DTH has a higher affinity 
for the AR, it is more potent to activate it, leading to differences in hormonal response, DNA 
activation and RNA production. (Dadras et al., 2001; Steers, 2001; Setlur et al., 2010). Corradi 
and coworkers (2004) demonstrated that exposure to finasteride also causes problems in the 
adult prostate of male gerbils since alterations were observed in the periductal smooth muscle, 
which became loose, and in the prostate functionality, as it led to a reduction in the secretory 
activity. Moreover, exposure to finasteride led to a slight increase in serum testosterone levels 
in men (Roehrborn et al., 2003; Stanczyk et al., 2013). The complex effects of finasteride on 
both prostate development and in the adult gland raise concerns about the dosages used, as well 
as the side effects of its use as a treatment for prostate cancer, such as an increase in the 
incidence of more aggressive prostate tumours, as well as sexual problems (Khan and Partin, 
2004; Anitha et al., 2009; Lebdai et al., 2010; Hirshburg et al., 2016). 
It is known that prostate is not exclusive to males (Santos and Taboga, 2006; 
Biancardi et al., 2017), and, although there are many studies on the effects of finasteride on the 
male prostate, there have been no studies that address the effects of this substance during the 
prenatal life on the prostate of females or that assess the possible existence of intersexual 
differences resulting from its use. The female prostate, which covers part of the paraurethral 
glands, is homologous to the male prostate and also arises in the prenatal period from urogenital 
sinus budding (Biancardi et al., 2017). However, its size is much smaller than the male prostate 
and it is not encapsulated, instead, it is composed of dispersed acini around the urethra, mainly 
in the middle portion (Costa et al., 2016). Although there have not been many studies, it is 
estimated that at least half of all women have a prostate (Wernet et al., 1992; Dietrich et al., 
2011), and there are indications that it may give rise to tumours similar to adenocarcinomas 
found in the male prostate, and can also be affected by prostatitis (Gittes and Nakamura, 1996; 
Pongtippan et al., 2004; Tregnago and Epstein, 2018). 
As the female prostate is not frequently seen in rodent species that are traditionally 
used in the laboratory, such as mouse and rat, the Mongolian gerbil (Meriones unguiculatus), 
which is a rodent species in which most females develop a prostate, has been widely used in 
studies about female prostate (Santos and Taboga, 2006; Zanatelli et al., 2014; Biancardi et al., 
2017). These females develop a single prostate lobe, which has a ventrolateral disposition 
towards the urethral axis and is homologous to the ventral lobe of males (Santos and Taboga, 
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2006; Sanches et al., 2016b; Biancardi et al., 2017). Although it is not exactly known why a 
functional prostate occurs in females of this species, it was suggested that it would be related 
to the higher levels of serum testosterone found in Mongolian gerbil females comparatively to 
that found in females of other rodent species. In Mongolian gerbil females testosterone levels 
range from 0.5 to 2.7 ng/mL versus 0.2 ng/mL verified in mice females (Santos el al., 2006; 
Albert; Jonik and Walsh, 1990). 
Differences between the female and male prostates in terms of susceptibility to 
changes in and to pathological conditions have been observed (Perez et al., 2012; Biancardi et 
al., 2015; Perez et al., 2016; Sanches et al., 2017). Therefore, it was hypothesised that, despite 
the similarities of the single lobe of the female prostate with the ventral lobe of the male prostate 
(Santos and Taboga, 2006), there would be differences in the sensitivity to steroid hormones, 
so that the female prostate would be more sensitive to variations in oestradiol levels than 
testosterone (Sanches et al., 2017). The existence of hormonal intersex differences in the 
prostate gland may raise concerns about the possibility of sex-specific side effects, meaning 
that hormone concentrations in the environment that are safe to male prostate could be harmful 
to females, as well as for drugs such as finasteride, since it is known that this substance is 
practically insoluble in water (Byard et al., 2012). In this sense, the present study aims to 
compare the effects of prenatal exposure to finasteride between the sexes and the possible 
occurrence of intersexual differences in susceptibility to developmental changes. 
 
III.2. 2. Materials and Methods  
 
Animais and experimental design 
The female and male gerbils used in this experiment came from the laboratory of 
the Institute of Biosciences, Letters and Exact Sciences of UNESP, Campus of Sao Jose do Rio 
Preto (SP), and were maintained in polyethylene boxes, under controlled light conditions (12h 
light / dark) and average temperature of 25ºC, with filtered water and ad libitum food. Handling 
of the animals and experiments were conducted in accordance with UNESP Ethical Guidelines 
(Ethical Committee CEUA number 162/2017 and the Guide for Care and Use of Laboratory 
Animals (The National Academies Press, 2011, Washington, DC). In this experiment we used 
10 female and 10 adult males of Mongolian gerbils (Meriones unguiculatus, Gerbilinae: 
Criscetidae) between 3 and 6 months of age. Each of these females was maintained with a male 
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of the same age. Mating was observed through vaginal spreading in order to verify the presence 
of spermatozoa (day 0 of gestation), and, thus, two groups were formed, 5 pregnant females per 
group. . As a way to evaluate possible disruptive effects on prostate development resulting from 
intrauterine exposure to finasteride, a treated group was formed by 5 pregnant females that 
received a dose of 500 μg/Kg/day of finasteride from the 16th to 24th gestational day, a critical 
period of prostate induction, 12 pups of each sex of this treated females were used for the 
establishment of the F500 group. The control group was formed by 12 pups of each sex of 5 
pregnant females that received doses of 100 μl of mineral oil (Nujol Mantecorp) from the 16th 
to 24th gestational day. The exposure period and the dosage used were chosen according to the 
methodology described by Bowman (2003). Six pups of each sex were sacrificed on the 7th day 
of postnatal life (P7) and other six pups of each sex on the 1st day of postnatal life (P0) by lethal 
injection containing a mixture of an anaesthetic, ketamine (100 mg/kg, Dopalen, Vetbrands, 
Brazil), a muscle relaxant, xylazine (11 mg/kg Rompun, Bayer, Brazil). Prostate complexes 
were extracted, fixed and then subjected to histochemical, immunohistochemical and 
immunofluorescence assays. Blood samples were collected and stored for serological analysis.  
 
Light Microscopy  
The gerbil prostate complexes were fixed for 24 hours in 4% paraformaldehyde 
(PFA) and were dehydrated in ethanol series, cleared in xylene, and embedded in paraffin 
(Histosec, Merck Dermstadt, Germany). Prostatic complexes in 4% paraformaldehyde were 
subjected to immunohistochemical assays for PCNA, ERα and AR, as well as to 
immunofluorescence assays for α-Actin, and they were also subjected to staining with 
haematoxylin-eosin (H&E) for morphological and 3D reconstruction analysis. All prostate 
complexes were cut serially (5 μm) on a microtome and histological slides were mounted. 
Image capture was performed using an Olympus BX60 light microscope (Olympus, Japan) 
attached to a computer with DP-BSW V3.1 software (Olympus) and AMS Image-Pro 6.1 
software (Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). 
 
Three-dimensional reconstructions  
Three-dimensional reconstructions were performed for both F500 and control 
groups of males and females on 7 days of postnatal life (P7) to obtain a 3D detailing of branching 
and morphofunctional differentiation of the gerbil ventral prostate in males or the single 
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prostatic lobe in females and the effects of intrauterine finasteride exposure on them. 
Histological sections of the prostatic complex were cut serially, 5 μm thick, and then were 
mounted in histological slides and stained with H&E. After, these were analysed and 
photographed through an Olympus BX60 light microscope (Olympus, Japan) coupled to a 
computer with the DP-BSW V3.1 software (Olympus) AMS and Image-Pro 6.1 software 
(Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). Later, the images 
were reconstructed through Reconstruct software (Fiala, 2005). The number of prostatic 
branches was obtained through this software, so that all branches of the ventral prostate were 




The sections of gerbil ventral prostates of males and of the single prostatic lobe of 
females for both F500 and control groups on 7 days of postnatal life (P7) were subjected to 
immunohistochemistry for the detection of PCNA, ERα and AR according to the methodology 
performed by Sanches et al. (2016b). Also, assays for the detection of AR were made for the 
F500 and control groups of males and females that were sacrificed at birth (P0). The antibodies 
were used (in a dilution of 1: 100) for the detection of PCNA (mouse monoclonal IgG2a, PC10, 
SC- 56, Santa Cruz Biotechnology), ERα (rabbit polyclonal IgG, MC-20, sC-542, Santa Cruz 
Biotechnology) and AR (rabbit polyclonal IgG, C-20, sc-816, Santa Cruz Biotechnology, CA, 
USA). As a secondary antibody, the rabbit anti-Mouse IgG (Post Primary, Novolink, Leica 
Biosystems, Buffalo Grove, IL, USA) and later with anti-rabbit Poly-HRP-IgG (Polymer, 
Novolink, Leica Biosystems, Buffalo Grove, IL, USA). The incubation time for both was 45 
minutes at 37°C. The revelation was made with diaminobenzidine (DAB) and the sections were 
counterstained with Harris haematoxylin. Histological sections were analysed with the 
Olympus BX60 light microscope (Olympus). Negative controls were obtained by omitting the 
step of incubating the primary antibody, but the other steps are the same, as the incubation step 
with the rabbit anti-Mouse IgG (Post Primary, Novolink, Leica Biosystems, Buffalo Grove, IL, 
USA) and later with anti-rabbit Poly-HRP-IgG (Polymer, Novolink, Leica Biosystems, Buffalo 
Grove, IL, USA) and, finally, the revelation with DAB and counterstaining with Harris 




Quantification of IHC assays and morphometry  
For the purposes of quantification of the immunohistochemical assays, the total 
number of cells in 30 random microscopic fields was counted for each experimental group on 
P7 in 3 different animals per sex, according to the methodology described in Fochi et al. (2013); 
this was applied for PCNA, ERα and AR, in order to separate the positively and negatively 
immunolabeled cells. Using the Image J software, a minimum of 1000 cells was counted per 
group and then the percentage of immunostaining was calculated as the number of positive cells 
divided by the total number of cells. To assess alterations in the branching process and in the 
development of acini, the thickness of all developing acini was measured on P7 in 30 random 
microscopic fields per animal for each group of 3 different animals per sex. The periductal and 
periurethral smooth muscle thickness was also measured on P7, using 30 random microscopic 
fields for each group of 3 different animals per sex, and finally, the number of prostatic branches 
was measured in the same software used to perform 3D reconstructions, the Reconstruct (Fiala, 
2005). Quantitative results are expressed as mean ± standard deviation (SD). 
 
IF assays  
Immunofluorescence was performed on paraffin-embedded tissue sections using 
the protocol described by Zani et al. (2018). The prostate samples were fixed in 4% 
paraformaldehyde (buffered in 0.1 M phosphate, pH 7.4) for 24 hours. After fixing, the tissues 
were washed in water, dehydrated in a series of ethanol solutions, embedded in paraffin 
(Histosec, Merck, Darmstadt, Germany), then sectioned to 5 μm using a microtome (RM2155, 
Leica, Nussloch, Germany). In order to verify the effects of intrauterine exposure to finasteride 
(500 μg/Kg/day) on prostatic smooth muscle development, assays for α-SMA were performed 
(mouse monoclonal, IgG2a, 1A4, sc-32251, Santa Cruz Biotechnology) and this primary 
antibody was incubated overnight at a dilution of 1:100. The next morning, sections were 
incubated with goat anti-mouse FITC-labeled (sc-2011; Santa Cruz Biotechnology) secondary 
antibody, diluted 1: 200 in 1% bovine serum albumin (BSA) for 2 hours at room temperature, 
then stained with DAPI (F36924; Life Technology, Grand Island, NY, USA). The histological 
sections were analyzed with a ZeissImager M2 fluorescence microscope (Zeiss, Oberkochen, 
Germany) coupled to AxioVision (Zeiss) software. Negative controls were obtained by 
omitting the step of incubating the primary antibody, and the other steps are the same, as the 
incubation step with goat anti-mouse FITC-labeled (sc-2011; Santa Cruz Biotechnology) 
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secondary antibody and the staining with DAPI (F36924; Life Technology, Grand Island, NY, 
USA). 
 
Serum hormonal analysis  
The blood of male and female gerbils from the F500 and control goups was 
collected at the time of decapitation. The blood was allowed to clot for 15 min in the fridge and 
centrifuged to obtain serum at 3000 rpm for 20 min, and stored at -80°C until analysis. 
Hormonal dosages were performed in duplicate by ELISA and using kits with high sensitivity 
(Testosterone EIA Kit, Cayman Chemical Company, MI, USA) following the manufacturer’s 
instructions. The readings were performed using the lector SpectraMax Plus 384, at 405 gm 
(Molecular Devices, Sunnyvale, CA, USA).  
 
Statistical analysis  
Data were initially studied by analysis of variance (One-way ANOVA) and 
subsequently by the Tukey test for multiple comparisons, with a significance level of 5% (p ≤ 
0.05). Statistical tests were performed using Statistica 7.0 software (StarSoft Inc., Tulsa, OK, 
USA).  
 
III.2. 3. Results 
 
3D reconstructions and morphometry 
 Three-dimensional reconstructions indicated that the periductal smooth muscle in 
the female prostate was thinner in the control group, which was more evident in the anterior 
region of the single lobe (Fig. 1A-C). In the group treated with finasteride, a more developed 
periductal smooth muscle was observed in the posterior region, which was also evident in the 
anterior region of the female prostate single lobe (Fig. 1D-F). In males of the control group, the 
periductal smooth muscle was well developed in both the anterior and posterior regions (Fig. 
1G-I). In males of the finasteride group, the periductal smooth muscle was thinner in the 
anterior region (Fig. 1J-L). There was an increase in the thickness of the periductal smooth 
muscle in the females of the treated group compared to the control group (33.6±1 µm and 
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23.7±1 µm, respectively). In males, there was a reduction in the thickness of the periductal 
smooth muscle in the group treated with finasteride compared to the control group (94.2±3 µm 
and 109.9±2 µm, respectively) (Figure 1M). An increase in periurethral smooth muscle 
thickness was observed in both females and males of the treated group (68.7±1 µm and 28.4±2 
µm, respectively) compared to the control groups (59.4±2 µm and 22.4±3 µm, respectively) 
(Figure 1N). There was no significant change in the thickness of the prostate branches in both 
females and males of the finasteride group (80.7±3 µm and 81.2±3 µm, respectively) compared 
to the control group (72.5±3 µm and 71±2 µm, respectively) (Figure 10). There was no 
significant difference in the number of prostate branches in females of the finasteride group 
(1ary, 1.6±1, 2ary, 3.6±1, 3ary, 4.1±1, >3ary, 4.3±3) compared to the control group (1ary, 2±1, 
2ary, 5.8±1, 3ary, 4.1±2, >3ary, 2.3±1) (Figure 1P). Also, no significant differences were 
observed in the number of prostate branches in males of the finasteride group (1ary, 4±1, 2ary, 
13.6±3, 3ary, 10.4±4, >3ary, 7.6±4) compared to the control group (1ary, 3.8±1, 2ary, 13.8±4, 
3ary, 10.6±1, >3ary, 8,6±5) (Figure 1Q). 
 
IF assays for α-SMA 
Immunofluorescence assays for α-actin were performed in histological sections of 
the prostate of females and males at 7 days of postnatal life in the control group and the group 
treated with 500 μg/Kg/day of finasteride in the intrauterine period (F500). An incipient presence 
of α-actin is observed in the periductal region, indicating the initial development of the periductal 
smooth muscle in females of the control group (Figure 2A-C). There is intense immunolabelling 
of α-actin in the periductal region, which indicates an earlier development of this muscle layer in 
females of the F500 group (Figure 2D-F). Intense immunolabelling for α-Actin in the ventral 
prostate is verified in the periductal region in the male prostate of the control group (Figure 2G-
I). Contrary to that observed in females, the immunolabelling for α-actin in males of the F500 
group is incipient in the periductal region, indicating a delay in the development of periductal 
smooth muscle (Figure 2J-L). 
 
IHC assays for PCNA 
PCNA immunolabelled cells are verified in the prostate stroma in females of the 
control group, as well as in the prostate epithelium, especially in basal cells (Figure 3A-B). In 
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females from the F500 group, PCNA immunolabelling is also verified in the prostate stroma; 
positive cells are also observed in the epithelium in both luminal and basal cells (Figure 3C-D). 
PCNA-positive cells are verified in the prostate stroma in males of the control group, as well as 
punctual immunolabelling on the prostatic epithelium (Figure 3E-F). In males of the F500 group, 
PCNA immunolabelling is present in the prostate stroma, as well as the epithelium, which is 
densely immunolabelled (Figure 3G-H). In females, a significant increase in the presence of 
PCNA in both the stroma and epithelium is observed in the F500 group (78.4+5% and 82.1+4%, 
respectively) compared to the control group (67.7+8% and 44.9+4%, respectively). In males, a 
significant increase in the presence of PCNA is observed in the epithelium of the F500 group 
compared to the control group (81+6% and 62.6+4%, respectively), whereas there was no 
significant difference in the stroma in the presence of PCNA between the treated and control 
groups (73.2+9% and 68.1+8%, respectively) (Figure 3I). 
 
IHC assays for AR on P0 
Immunohistochemical assays were performed for AR in sections of the developing 
ventral prostate of 0-day-old (P0) females and males of the control group and of the group treated 
with 500 μg/Kg/day of finasteride in the prenatal period (F500). There is an increase in the 
presence of AR in the epithelium of males of the F500 group compared to the control group 
(8.3±4% and 52.2±6%, respectively); in the female epithelium there is no difference in the 
number of AR-positive cells between the treated and control groups (12.3±2% and 8.4±2%, 
respectively). In the stroma, no difference was observed between the F500 and control groups in 
both males (90.1±5% and 89.5±4%, respectively) and females (83±5% and 80±3%, respectively) 
(Figure 4. A-F). 
 
IHC assays for AR on P7 
On P7, the presence of AR in females decreases in the prostate stroma of the F500 
group compared to the control group (21.6±4% and 33.4±5%, respectively), whereas no changes 
are observed in males in the prostate stroma between these groups (84.2±6% and 74.2±3%, 
respectively). In the epithelium, there are no differences in females between the treated and 
control groups (3.6±1% and 3.5±2%, respectively), while a large increase in the F500 group was 
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observed in comparison to the control group in males (33±2% and 3.8±3 %, respectively) (Figure 
4. G-L). 
 
IHC assays for ERα on P7 
As for ERα, there is no increase in the number of positive cells in the prostate stroma 
of females of the F500 group in comparison to the control group (58.6±9% and 52.4±7%, 
respectively), as well as no differences in the stroma in males between the two groups (19.6±4% 
and 26±4%, respectively). In the epithelium of females of the F500 group, a large increase in the 
number of positive ERα cells was verified in comparison to the control group (41.1±3% and 
4.6±2%, respectively), whereas there was no difference in the male epithelium between the F500 
and control group (12.8±3% and 21.5±7%) (Figure 4. M-R).  
 
Serum testosterone levels on P7 
A significant decrease in serum testosterone levels (pg/mL) in the F500 group was 
observed in both males and females (1122.6±42.8 and 804.3±31.1) compared to the control 
groups (1859.4±366.9 and 1892±151.7) (Figure 5). 
 
Statistics analysis  
The data were initially studied by Analysis of Variance (One-way ANOVA) and, 
subsequently, by the Tukey Test for multiple comparisons, with a significance level of 5% 
(p≤0.05). The statistical tests were performed with Statistica 7.0 software (StarSoft Inc., Tulsa, 
OK, USA). 
 
III.2. 4. Discussion 
Intrauterine exposure to finasteride causes sex-specific changes in the presence of 
steroid receptors; we found that the epithelial AR initially declines in males on P0, after which 
they undergo a large increase by P7; no differences were observed in female epithelium. In 
contrast, the presence of ERα in the epithelium was unchanged in the F500 males compared to 
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controls, while a large increase was observed in females. It can be speculated that males are 
more sensitive to testosterone, which is reflected in variations in the epithelial AR, whereas 
females are more sensitive to oestradiol, which is reflected in the variation in the presence of 
epithelial ERα. These variations of sensitivity to sex hormones may explain the changes that 
are undergone in prostate at the beginning of postnatal life with this treatment, such as the 
decrease in testosterone levels, lower DHT synthesis due to the inhibition of 5α-Reductase, and 
possibly greater synthesis of oestradiol, along with alterations in the periductal muscles, which 
became thicker in females and thinner in males. This may indicate earlier development in 
females due to a less androgenic and possibly more estrogenic environment, as verified in the 
greater presence of ERα in females of the F500 group. Increased prostate sensitivity of females 
to oestradiol was verified in previous studies (Sanches et al., 2016a; 2017). 
Prenatal exposure to finasteride has led to a decrease in serum testosterone levels 
in both males and females, which contradicts the literature, since it is known that finasteride 
usually leads to a slight increase in serum testosterone levels (Roehrborn et al., 2003; Stanczyk 
et al., 2013). In males of the treated group, a reduction in the thickness of the periductal smooth 
muscle, in addition to a more proliferative stroma, possibly indicate delayed development. In 
females, the periductal smooth muscle becomes thicker, which, in contrast to that observed in 
males, indicates earlier development, since increase in the thickness is typical of later stages of 
the periductal smooth muscle development in the gerbil (Sanches et al., 2016a); however, this 
layer of musculature became continuous between the acini, which may imply alterations in the 
future differentiation and, consequently, problems in its functionality. At the same time, an 
increase in proliferative activity in the stroma was observed in females, which suggests complex 
effects of the less androgenic environment in females. 
Interestingly, prenatal exposure to finasteride did not affect branch thickness or the 
number of branches in either sex; this may also reflect the later performance of DHT in prostatic 
development and the different compensatory mechanisms between the sexes. In the case of 
males, the increased presence of AR on P7 may reflect the compensation to a less androgenic 
environment during the prenatal life, whereas the increase in the presence of ERα in females of 
the treated group may indicate the inclination towards a more oestrogenic environment, 
possibly due to the decrease in the conversion of testosterone to dihydrotestosterone and the 
increase in the amount of available testosterone to be converted to oestradiol via aromatase 
(Ellem; Risbridger 2010). It has been verified, in previous studies, that the gerbil female 
prostate presents a marked decrease in the presence of stromal ERα during development 
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between the 7th and 30th day of postnatal life, while the presence of the stromal AR undergoes 
a slight decrease. In males, the opposite effect is observed: during postnatal development, the 
presence of stromal AR shows a marked decrease, while ERα undergoes a small decrease 
(Sanches et al., 2016a). Also, the female prostate has been more susceptible to changes resulting 
in developmental oestrogen exposure than the male prostate (Sanches et al., 2017).  
Moreover, although few, there are studies indicating that finasteride may have 
environmental impacts, as it is practically insoluble in water since its molecules are held 
together by hydrogen bonding (Byard et al, 2012). Sammartino and coworkers (2013) have 
stated that in aqueous solutions, the active principle of finasteride undergo to a 
photodegradation with estimated half-life time equal to about 100 hours, higher than the other 
compounds analyzed, Diclofenac and Naproxen, which had an estimated half-life time of 30 
and 10 hours, respectively. It was also seen that Diclofenac and Naproxen were dissolved in 
ultrapure water, while Finasteride was not enough soluble in water. Therefore, there is a concern 
regarding the environmental impact of pharmaceuticals, such as finasteride, that can cause 
hormonal imbalance and affect the development of organs since they are excreted from human 
patients. 
In the face of these environmental concerns, differences in androgenic and 
estrogenic sensitivity between the sexes raise concerns about the occurrence of pathological 
conditions in the female prostate that would not occur in the male prostate, or even 
concentrations of steroid hormones in the environment that would be safe for the male prostate 
gland and would not be for that of females. This is worrying in view of the evidence indicating 
the occurrence of a prostate in at least half of women (Wernet et al., 1992; Dietrich et al., 2011), 
and studies which indicate that tumours affecting the female prostate or Skene's glands are 
similar to the adenocarcinomas that affect the male prostate (Pongtippan et al., 2004; Korytko 
et al., 2012, Muto et al., 2017; Tregnago and Epstein, 2018), and that prostatitis and other 
pathologies could also occur in women (Gittes and Nakamura, 1996).   
 
III.2. 5. Conclusion 
Overall, the study showed that prenatal exposure to finasteride causes sex-specific 
changes in early prostate development, particularly on the branching process, leading to a 
decrease in the periductal smooth muscle thickness in the male prostate and an increase in that 
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of females, as well as an increase in stromal proliferation in the female prostate. However, 
epithelial proliferation increased in both sexes, and prenatal exposure to finasteride did not 
cause changes in the number of branches or its thickness. Intersex differences were observed in 
the increased presence of epithelial AR in males and epithelial ERα in females, indicating 
distinct hormonal dynamics between the male and female prostate in the face of finasteride 
exposure. Further studies are needed to assess whether these hormonal differences and 
susceptibility to changes in development also occur in the human prostate, given the occurrence 
of a prostate in a considerable portion of women.  
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Figure 1. Histological sections of the prostate of females and males on the 7th day of postnatal 
life (P7) stained in HE and three-dimensional reconstructions of the control group and the group 
treated with 500 μg/Kg/day of finasteride in the prenatal period (F500). (A-C) The periductal 
smooth muscle has a thin layer in the control group, which is more evident in the anterior region. 
(D-F) In the F500 group, a more developed periductal smooth muscle is observed, which is also 
more evident in the anterior region. (G-I) In males of the control group, the periductal smooth 
muscle is well-developed in both the anterior and posterior regions of the ventral prostate. (J-
L) In males of the F500 group, the periductal smooth muscle is thinner in the anterior region of 
the ventral prostate. (M) There is an increase in the thickness of the periductal smooth muscle 
in females of the treated group compared to the control group. In males, there is a reduction in 
the thickness in the treated group in comparison to the control group. (N) An increase in 
periurethral smooth muscle thickness is observed in both males and females of the treated group 
compared to the control group. (O) There is no significant differences in the thickness of 
prostate branches in both males and females of the F500 group compared to the control group. 
(P) There is no significant difference in the number of prostatic branches in females of the 
finasteride group compared to the control group. (Q) There is no significant difference in the 
number of prostate branches in the males of the F500 group compared to the control group. 
PSM (Periurethral smooth muscle), PM (Periductal Smooth muscle), Arrow (Prostate 
Branches), Arrowhead (Periductal smooth muscle), Red (Smooth muscle), Cyan (Prostate 
branches), Green (Urothelium), Dark Blue (Urethra lumen), White bars (200 μm), a, b, c, d 










Figure 2. Immunofluorescence assays for α-SMA in histological sections of the prostate of 
females and males of 7 days of postnatal life (P7) of the control group and of the group treated 
with 500 μg/Kg/day of finasteride in the intrauterine period (F500). (A-C) There is an immature 
presence of α-actin in the periductal region in females of the control group. (D-F) There is 
intense immunolabelling of α-actin in the periductal region in females of the finasteride group. 
(G-I) Intense labelling for α-Actin is verified in the ventral prostate in the periductal region of 
the control group of the male prostate. (J-L) Contrary to that observed in females, in males of 
the finasteride group the immunolabelling for α-actin is immature in the periductal region. 







Figure 3. Immunohistochemical assays for PCNA in sections of the ventral prostate of females 
and males at 7 days of life (P7) in the control group and the group treated with 500 μg/Kg/day of 
finasteride on the prenatal period (F500). (A-B) PCNA-positive cells are verified in the prostate 
stroma in females of the control group, as well as in the prostate epithelium, especially in basal 
cells. (C-D) In females of the group treated with finasteride, PCNA-positive cells are also 
observed in the prostate stroma, while PCNA immunolabelling in the epithelium is verified 
throughout the luminal and basal cells. (E-F) Immunolabelling for PCNA is observed on the 
prostate stroma in males of the control group, as well as punctual markings on the prostate 
epithelium. (G-H) In males of the F500 group, PCNA immunolabelling is verified in the prostatic 
stroma, and the epithelium was densely immunolabelled. (I) In females, a significant increase in 
the presence of PCNA in both the stroma and epithelium is observed in the F500 group compared 
to the control group. In males, a significant increase in the presence of PCNA is observed in the 
epithelium of the treated group compared to the control group, whereas there is no significant 
difference in the presence of PCNA in the stroma between the treated and control groups. PA 
(Developing prostate acini), SM (Periductal smooth muscle), Arrow (Stromal immunolabelling), 
Arrowhead (Epithelial immunolabelling), White bars (20 μm), Black bars (50 μm), a, b, c, d, e 



















Figure 4. IHC assays for AR in sections of the developing ventral prostate on zero postnatal (P0) 
and seven postnatal (P7) days of the control and the F500 group. (A-F). There is an increase in 
the presence of AR in the epithelium of males of the F500 group on P0 in comparison to the 
control group; in the female epithelium, there is no difference in the number of positive AR cells 
between the treated and control groups. In the stroma, no differences were observed between the 
F500 group and the control group in both males and females at P0. (G-L) AR presence decreases 
in the stroma of the F500 females on P7 compared to the control group, whereas there was no 
difference between these groups in males. As for the epithelium, there are no differences between 
groups in females, whereas in males a large increase in the F500 group was observed in 
comparison to the control group. (M-R) In the prostate stroma, there was no difference in males 
and females of the F500 group with regard to the number of ERα-positive cells compared to the 
control groups. In the prostate epithelium of F500 females, a large increase in the number of ERα-
positive cells was verified in comparison to the control group, whereas no differences were 
verified in the male epithelium between the treated and control groups. PB (Prostate branches), 
Arrow (Stromal immunolabelling), Arrowhead (Epithelial immunolabelling), a, b, c (different 

















Figure 5. Serum testosterone concentration of males and females of F500 and control group at 
P7. There is a marked decrease in serum testosterone levels (pg/mL) in the F500 group of both 
males and females compared to the control groups, a, b (statistically significant difference 
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The development and maintenance of prostate function depend on a fine balance between 
oestrogen and androgen levels. Finasteride inhibits 5α-reductase, which is responsible for the 
conversion of testosterone to its most active form, dihydrotestosterone (DHT). Enzymes that 
metabolize these hormones have a highly relevant role in both normal prostate metabolism and 
in the occurrence of pathological conditions. There are few studies on the impact of finasteride 
on male prostate development and fewer studies on female prostates and possible intersexual 
differences. Therefore, we treated male and female gerbils from 7–14 days in postnatal life with 
a high dose of finasteride (500 μg/Kg/day); then, the prostate complexes were removed and 
submitted to immunohistochemistry (IHC), immunofluorescence (IF) and three-dimensional 
reconstructions. In addition, serum hormonal dosages were administered. Treatment with 
finasteride resulted in an increased thickness of the periductal musculature in the prostate of 
both male and female gerbils, as well as a reduction in the thickness of developing prostate 
alveoli in both sexes. In addition, intersexual differences were observed as increased epithelial 
proliferation and decreases in the number of developing alveoli in females. Together, the data 
indicate that postnatal exposure to finasteride causes greater changes in female prostates than 
in males’. 
 
Keywords: finasteride, female prostate, developmental exposure, postnatal, gerbil, androgen 












III.3. 1. Introduction 
The prostate is an accessory sex gland that develops through epithelial-
mesenchymal interactions; steroidal endocrine factors such as androgens—male hormones—
and oestrogens—female hormones—act on a wide range of paracrine factors exchanged 
between the urogenital sinus epithelium and mesenchyme.1–3 Studies show that exposure to 
exogenous hormones during prostate development may partially compromise the gland’s 
functionality.4–8 In addition to exogenous hormone exposure, other substances that are not 
hormones but which alter normal hormonal function—called endocrine disruptors—also have 
the capacity to alter prostate development.9–11 Substances such as BPA,12, 13 phthalates14–16 and 
parabens17, 18 mimic the action of hormones on the body. Other compounds act on enzymes that 
metabolize steroids, including anastrozole, exemestane and letrozole; these have an inhibitory 
role on aromatase, an enzyme that converts testosterone to oestradiol. Dutasteride and 
finasteride are other compounds that act on steroid metabolizing enzymes; they act on 5α-
reductase, which is the enzyme responsible for the conversion of testosterone into its most 
active form, dihydrotestosterone (DHT). These compounds end up causing changes in 
oestrogen and androgen activity, which may cause changes in both the development and 
function of the prostate.19, 20 
DHT does not influence prostate induction, which is the first phase of prostate 
development that occurs in intrauterine life. DHT’s effects occur later, acting mainly in the 
branching phase and in the morphofunctional differentiation of the prostate alveoli, as well as 
gene pathways other than those activated by testosterone.21, 22 Inhibition of DHT production 
with finasteride leads to changes in branching morphogenesis and defects in the 
morphofunctional differentiation of the alveoli.23 In addition, finasteride has an effect on serum 
testosterone concentration, which also eventually interferes with the androgenic dynamics.24, 25 
In adult prostates, exposure to finasteride leads to loosening of the perialveolar smooth muscles, 
which suggests an impairment in gland functionality. Structural changes in the epithelium with 
diminished secretory activity and increased stromal density with enhanced synthesis of 
extracellular matrix components are also observed influences of finasteride on adult prostates.19, 
26 Finasteride is widely used in treatments for baldness, BPH, and other conditions,27, 28 which 
raises concern about the possibility of accumulation of this substance in the environment and 
the need for effluent treatments that use multiple alternatives capable of managing different 
endocrine disrupters. In the case of finasteride, the use of activated charcoal would be 
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adequate30 and there is evidence that this substance causes changes in amphibian31 and fish32 
gonads, which raises concerns about its impact in aquatic environments. 
There are still few studies on the impact of finasteride on prostate development. 
There are even fewer studies concerning the impact of finasteride on prostate development in 
females, as well as studies on intersex differences in susceptibility to developmental alterations. 
The prostate is not an exclusively male gland, it is also found in females of various species11, 33, 
34 including humans. Studies indicate that prostates occur in approximately 50% of women; 
these prostates have a much smaller size than the prostate of males and are concentrated around 
the urethra at a more distal location.35–37 They may also be the source of a portion of urethral 
tumours and prostatitis diagnoses.38 Although there are similarities in their secretory 
mechanisms, there are studies indicating that the hormonal dynamics of the female prostate may 
have a greater dependence upon oestrogens than of androgens,39, 40 which is reflected in 
different susceptibilities to the developmental changes or pathological conditions caused by 
exposure to exogenous hormones or endocrine disrupters.6, 41, 42 Thus, environmentally safe 
doses—for the male prostate—of exogenous hormones or endocrine disruptors can lead to 
morphophysiological changes in the prostate gland.42 Therefore, the aim of the present study is 
to compare the effects of the initial postnatal exposure to finasteride on male and female 
prostates and study the possible occurrence of intersexual variations. 
 
III.3. 2. Material and Methods 
 
Animals and experimental design 
The female and male gerbils (Meriones unguiculatus) used in this experiment came 
from the laboratory of the Institute of Biosciences, Letters and Exact Sciences of UNESP, 
Campus of Sao Jose do Rio Preto (SP) and were maintained in polyethylene boxes under 
controlled light conditions (12 h light/dark) and average temperatures of 25ºC, with filtered 
water and ad libitum food. Handling of the animals and experiments were conducted in 
accordance with UNESP Ethical Guidelines (Ethical Committee CEUA number 162/2017 and 
the Guide for Care and Use of Laboratory Animals (The National Academies Press, 2011, 
Washington, DC). In this experiment, we used 10 females and 10 adult males of Mongolian 
gerbils (Meriones unguiculatus, Gerbilinae: Criscetidae) between 3 and 6 months of age. Each 
of these females was maintained with a male of the same age. Mating was observed through 
vaginal spreading in order to verify the presence of spermatozoa (day 0 of gestation). Thus, two 
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groups were formed: 5 pregnant females per group, of which 6 pups were used per group for 
the establishment of two experimental groups. To evaluate the disruptive effects on initial 
postnatal prostate development—specifically on the gland branching process—the F500 group 
was established, in which 6 male pups and 6 female pups received 500 μg/Kg/day doses of 
finasteride during the critical period of prostate branching (7–14 days of postnatal life). The 
other group was the control group, in which the pups received doses of 100 μl of mineral oil 
(Nujol Mantecorp) from day 7–14 of postnatal life. All the animals were sacrificed on the 14th 
day of postnatal life (P14) by a lethal injection containing a mixture of an anaesthetic, ketamine 
(100 mg/kg, Dopalen, Vetbrands, Brazil) and a muscle relaxant, xylazine (11 mg/kg Rompun, 
Bayer, Brazil). The blood was taken for serum oestradiol dosage and prostate complexes were 
extracted, fixed and then subjected to histochemical, immunohistochemical and 
immunofluorescence assays. Blood samples were collected and stored for serological analysis. 
 
Light microscopy  
The gerbil prostate complexes were fixed for 24 hours in 4% paraformaldehyde 
(PFA) and were dehydrated in ethanol series, cleared in xylene and embedded in paraffin 
(Histosec, Merck Dermstadt, Germany). Prostate complexes in 4% paraformaldehyde were 
subjected to immunohistochemical assays for PCNA, ERα and AR, in addition to 
immunofluorescence assays for α-actin. Those included in Metacarn were subjected to staining 
with haematoxylin-eosin (H&E) for morphological and 3D reconstruction analysis. All prostate 
complexes were cut serially (5 μm) on a microtome and histological slides were mounted. 
Image capture was performed using an Olympus BX60 light microscope (Olympus, Japan) 
attached to a computer with DP-BSW V3.1 software (Olympus) and AMS Image-Pro 6.1 
software (Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). 
 
Three-dimensional reconstructions 
Three-dimensional reconstructions were performed for all experimental groups to 
obtain a 3D detailing of branching and morphofunctional differentiations of the gerbil ventral 
prostate in males or the single prostate lobe in females, as well as the effects of finasteride on 
them. Histological sections of the prostate complex were cut serially, 5 μm thick, and then 
mounted on histological slides and stained with H&E. Afterward, these were analysed and 
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photographed through an Olympus BX60 light microscope (Olympus, Japan) coupled to a 
computer with the DP-BSW V3.1 software (Olympus) AMS and Image-Pro 6.1 software 
(Media Cybernetics) for Windows (Media Cybernetics, Silver Spring, MD). Later, the images 
were reconstructed through Reconstruct software.43 The number of prostate branches was 
obtained through this software so that all branches of the ventral prostate were rebuilt for each 
animal of each experimental group (n = 6 per experimental group, n = 3 per sex). 
 
IHC assays 
The sections of gerbil ventral prostates of males and the single prostate lobe of 
females were subjected to immunohistochemistry for the detection of PCNA, ERα and AR.44 
The antibodies were used (in a dilution of 1:100) for the detection of PCNA (mouse monoclonal 
IgG2a, PC10, SC- 56, Santa Cruz Biotechnology), ERα (rabbit polyclonal IgG, MC-20, sC-
542, Santa Cruz Biotechnology) and AR (rabbit polyclonal IgG, C-20, sc-816, Santa Cruz 
Biotechnology, CA, USA). The secondary antibodies were rabbit anti-Mouse IgG (Post 
Primary, Novolink, Leica Biosystems, Buffalo Grove, IL, USA) and anti-rabbit Poly-HRP-IgG 
(Polymer, Novolink, Leica Biosystems, Buffalo Grove, IL, USA). The incubation time for both 
was 45 minutes at 37°C. The revelation was made with diaminobenzidine (DAB), and the 
sections were counterstained with Harris haematoxylin. Histological sections were analysed 
with the Olympus BX60 light microscope (Olympus). Negative controls were obtained by 
omitting the step of incubating the primary antibody, but the other steps were the same, 
including the incubation step with the rabbit anti-Mouse IgG (Post Primary, Novolink, Leica 
Biosystems, Buffalo Grove, IL, USA) followed by anti-rabbit Poly-HRP-IgG (Polymer, 
Novolink, Leica Biosystems, Buffalo Grove, IL, USA) and, finally, the revelation with DAB 
and counterstaining with Harris haematoxylin. Assays for PCNA, ERα and AR were measured 
according to the methodology described hereafter. 
 
Quantification of IHC assays and morphometry 
For the purposes of quantifying the immunohistochemical assays, the total number 
of cells in 30 random microscopic fields was counted for each experimental group in 3 different 
animals per sex, in accordance with the methodology described by Fochi et al.44; this was 
applied for PCNA, ERα and AR in order to separate the positively and negatively marked cells. 
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Using the Image J software, a minimum of 1000 cells were counted per group, and then the 
percentage of immunostaining was calculated as the number of positive cells divided by the 
total number of cells. To assess alterations in the branching process and in the development of 
alveoli, the thickness of all developing alveoli was measured on P14 in 30 random microscopic 
fields per animal for each group of 6 different animals—3 different per sex. The periductal and 
periurethral smooth muscle thickness was also measured on P14, using 30 random microscopic 
fields for each group of 3 different animals, and finally, the number of prostate branches was 
measured in the same software used to perform 3D reconstructions, the Reconstruct.43 
Quantitative results were expressed as mean ± standard deviation (SD). 
 
IF assays 
Immunofluorescence was performed on paraffin-embedded tissue sections using 
the protocol described by Sanches et al.45 The prostate samples were fixed in 4% 
paraformaldehyde (buffered in 0.1 M phosphate, pH 7.4) for 24 hours. After fixing, the tissues 
were washed in water, dehydrated in a series of ethanol solutions, embedded in paraffin 
(Histosec, Merck, Darmstadt, Germany) and sectioned to 5 μm using a microtome (RM2155, 
Leica, Nussloch, Germany). In order to verify the effects of early postnatal exposure to 
finasteride (500 μg/Kg/day) on prostate smooth muscle development, assays for α-SMA (mouse 
monoclonal, IgG2a, 1A4, sc-32251, Santa Cruz Biotechnology) were performed in a way that 
these primary antibodies were incubated overnight at a dilution of 1:100. The next morning, 
sections were incubated with goat anti-mouse FITC-labelled (sc-2011; Santa Cruz 
Biotechnology) secondary antibody, diluted 1:200 in 1% bovine serum albumin (BSA) for 2 
hours at room temperature, then stained with DAPI (F36924; Life Technology, Grand Island, 
NY, USA). The histological sections were analysed with a ZeissImager M2 fluorescence 
microscope (Zeiss, Oberkochen, Germany) coupled to AxioVision (Zeiss) software. Negative 
controls were obtained by omitting the step of incubating the primary antibody, and the other 
steps are the same, including the incubation step with goat anti-mouse FITC-labelled (sc-2011; 
Santa Cruz Biotechnology) secondary antibodies and the staining with DAPI (F36924; Life 






Serum hormonal analysis 
The blood of male and female gerbils from the P14 experimental group was 
collected at the time of decapitation. The blood was allowed to clot for 15 min in the fridge and 
centrifuged to obtain serum at 3000 rpm for 20 min, and stored at -80°C until analysis. 
Hormonal dosages were performed in duplicate by ELISA and using kits with high sensitivity 
(Testosterone EIA Kit, Cayman Chemical Company, MI, USA) following the manufacturer’s 
instructions. The readings were performed using the lector SpectraMax Plus 384, at 405 gm 
(Molecular Devices, Sunnyvale, CA, USA). 
 
Statistical analysis 
Data were initially studied by analysis of variance (one-way ANOVA) and 
subsequently by the Tukey test for multiple comparisons, with a significance level of 5% (P ≤ 




III.3. 3. Results 
  
Early postnatal exposure to finasteride leads to an increase in periductal smooth muscle 
thickness and a decrease in the thickness of developing prostate alveoli in both the male 
and female prostates of the gerbil 
In the female control group, the periductal smooth muscle can be observed in 
development in the anterior region of the prostate (Figure 1A, B, I, J). In the treated group, the 
smooth muscle spreads through the interductal region and becomes thicker compared to the 
control group (40.5 ± 4 µm and 12.5 ± 2 µm, respectively). The developing alveoli present a 
hypomorphic aspect that is evident by a thickness decrease in comparison to the control group 
(21.6 ± 1 µm and 57.9 ± 3 µm, respectively) (Figure 1C, D, I, J). The periductal smooth muscle 
is seen around the developing prostate alveoli in males of the control group (Figure 1E, F, I, J). 
As in females, the developing alveoli of males in the treated group also presented a 
hypomorphic aspect with a reduced thickness (20.3 ± 3 µm and 39.1 ± 4 µm, respectively). The 
periductal smooth muscle was thicker compared to the control group’s (28.1 ± 4 µm and 11.3 
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± 3 µm, respectively) (Figure 1G, H, I, J). However, no difference in the thickness of the 
periurethral smooth muscle was observed between the treated group and the control group in 
both males and females (175 ± 12 µm and 158.2 ± 17 µm; 123.9 ± 18 µm and 92.5 ± 14 µm, 
respectively) (Figure 1K). 
 
The branching morphogenesis in females is affected by postnatal exposure to finasteride 
In females of the treated group F500, the number of developing prostate alveoli 
derived from secondary, tertiary and higher than tertiary branches showed a statistically 
significant decrease compared to the control group (1°: 2 ± 1, 2°: 8 ± 1, 3°: 7 ± 1, >3°: 14 ± 5; 
and 1°: 3 ± 1, 2°: 13 ± 1, 3°: 16 ± 2, >3°: 32 ± 1, respectively) (Figure 1L). There was no 
statistically significant difference in the number of developing prostate alveoli in males of the 
finasteride group compared to the control group (1°: 5 ± 1, 2°: 23 ± 6, 3°: 25 ± 5, >3°: 38 ± 3; 
and 1°: 5 ± 1, 2°: 22 ± 6, 3°: 29 ± 5, >3°: 52 ± 8, respectively) (Figure 1M). 
 
The immunolabeling for α-SMA is incipient in the control group and becomes denser in 
the treated group in both sexes 
A low presence of α-SMA in the periductal region was observed, indicating a still 
incipient development of the periductal smooth muscle in females of the control group (Figure 
2A–C). There is intense immunolabeling for α-SMA in the periductal region, which indicates 
an earlier development of this muscle layer in females of the finasteride group (Figure 2D–F). 
The immunolabeling for α-SMA is incipient in the periductal region of the ventral prostate in 
males of the control group (Figure 2G–I). Intense immunolabeling for α-SMA is verified in the 
periductal region of the ventral prostate in males of the treated group (Figure 2J–L). 
 
The presence of epithelial AR is decreased in males of the finasteride group, whereas in 
the stroma there is no difference 
In males, there was a decrease in the presence of epithelial AR in the treated group 
compared to the control group (76.1 ± 10% and 87.7 ± 9%, respectively). As for the stromal 
AR, no difference was observed between the treated and the control groups (70.2 ± 6% and 
67.7 ± 8%, respectively). In the females of the treated group there were no significant 
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differences in the number of AR-positive cells compared to the control group in both prostate 
epithelia (3.1 ± 1% and 4.8 ± 2%, respectively) and stroma (45.4 ± 7% and 44.9 ± 7%, 
respectively) (Figure 3A–F). 
 
In males, there was a decrease in the presence of ERα in the prostate epithelium, whereas 
there was no difference in the stroma nor difference in females 
The number of ERα-positive cells in both the epithelium and the stroma did not 
vary significantly between the F500 group (14.9 ± 4% and 36.5 ± 3%, respectively) and the 
control group in females (16.5 ± 4% and 37.4 ± 4%). Males, however, showed a decrease in the 
presence of epithelial ERα in the F500 group compared to the control group (15 ± 4% and 31.9 
± 5%, respectively). There was no change in the number of ERα-positive cells in the male 
prostate stroma between the groups (20.1 ± 4% and 15.9 ± 2%, respectively) (Figure 3G–L). 
 
 
Proliferation increased in both the epithelium and stroma of females of the treated group 
in comparison to the control; in males, the only difference between these groups was in 
the stroma 
There was an increase in the number of PCNA-positive cells in both the prostate 
stroma and epithelium of females of the F500 group (73.6 ± 6% and 76 ± 6%, respectively) 
compared to the control group (57.3 ± 4% and 62 ± 4%, respectively). In the males, there was 
an increase in the presence of PCNA in the prostate stroma of the F500 group compared to the 
control group (77.7 ± 4% and 61 ± 7%, respectively). In the epithelium, there was no change in 
the number of PCNA-positive cells between the treatment and the control groups (75.4 ± 4% 
and 76.9 ± 7%) (Figure 3M–R). 
 
Postnatal treatment with finasteride implies an increase in serum testosterone levels in 
both males and females of the gerbil 
An increase in serum testosterone levels in the F500 group was observed in both 
males and females (1332.9 ± 64.2 pg/mL and 657.1 ± 49.1 pg/mL, respectively) compared to 
the control group (861.5 ± 87.9 pg/mL and 483.7 ± 46 pg/mL) (Figure 4). 
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III.3. 4. Discussion 
The periductal smooth muscle differentiation in the prostate occurs in coordination 
with the epithelium differentiation11, 46 and in an androgen-dependent way. Androgens also 
assist in maintaining the contractile phenotype of smooth muscle cells, avoiding possible de-
differentiation of these and causing increased proliferative activity.47 On the other hand, 
previous studies have indicated that smooth muscle thickness in the prostate is decreased by 
testosterone exposure, leading to less proliferation of smooth muscle and a delayed closure of 
the later periurethral smooth muscle.48, 49 This finding is explained by the androgens’ action on 
smooth muscle differentiation. On the other hand, oestrogens could play a role in stimulating 
the periductal muscle proliferation50 and could alter its differentiation.51 They may be 
implicated in increasing the thickness of smooth muscle.8, 52 Our data show an increased 
thickness of the periductal smooth muscle in the finasteride-treated group in both males and 
females, which may indicate an increase in proliferative activity in these cells and a delay in 
their differentiation. This may reflect a less androgenic environment caused by finasteride 
exposure. 
The absence or decrease of DHT implies similar conditions to those observed in 
castration, with an increase in basal cell proliferation in the prostate epithelium and decrease in 
secretory activity.53 The expansion of basal cells in the prostate epithelium and atrophy of 
luminal cells were observed in previous studies, which implies a reduction of the epithelial 
compartment volume and, therefore, of the entire prostate.19, 26, 55 Our data also point to a 
reduction in the alveoli thickness during prostate development, leaving the prostate with a 
hypomorphic aspect, which indicates changes in the differentiation process of the prostate 
alveoli in both sexes. Thus, DHT is also important for the development and maintenance of 
prostate functionality, not only for males but also for females. There were no changes in the 
presence of AR in the females of the finasteride-treated group compared to the control group in 
both stroma and epithelium, but there was a decrease in the presence of epithelial AR in males 
of the treated group. In this case, a similar pattern was observed in individuals with prostate 
hyperplasia that were treated with finasteride.54 The ERα presence in the epithelium of 
finasteride-treated males was also reduced, whereas there was no difference in the presence of 
this factor in the epithelium nor in the stroma of the treated females. Therefore, a sex-specific 
difference in AR and ERα presence as a result of the treatment with finasteride is verified, the 
female prostate epithelium does not change in the presence of these factors. Conversely, these 
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factors decrease in males, which ultimately indicates the existence of a distinct background 
hormonal milieu between the sexes, something hypothesized by our group previously.8, 34, 40 
In addition to differences in steroidal receptors, epithelial proliferation increased 
both in the prostate epithelium and stroma of females of the treated group relative to the control. 
In males, there was a verified difference between these groups only in the epithelium. The 
increased proliferation in the epithelium can indicate an expansion in basal cell proliferation 
due to the decrease in DHT levels.53, 54 The increase in stromal proliferation in females was 
verified, as well as a decrease in the number of developing prostate alveoli derived from 
secondary, tertiary and higher-than-tertiary branches in the group treated with finasteride, a 
finding not found in the males. This indicates that the finasteride in females, besides the impact 
on the process of morphofunctional differentiation of the alveoli, also causes modifications in 
the morphogenesis of the prostate branches, which can be justified by the later emergence of 
branches in Mongolian gerbil females compared to the males.11 This finding may indicate an 
increased vulnerability in females during the early postnatal period associated with an overall 
reduction in the number of alveoli, which was not verified in the males. 
In contrast to the inhibitory effects on DHT production due to finasteride exposure, 
serum testosterone concentration increased in the treated group in both sexes. This elevation 
was also seen in previous studies.56, 57 The contradictory effects observed in the female prostate, 
such as the increase in the proliferative activity in the stroma and epithelium, as well as the 
reduction in the number of alveoli, can indicate the effects of changes in the proportion between 
the free testosterone and DHT in the prostate. The action of finasteride on DHT could lead to 
problems in the differentiation of the epithelial compartment, while the increase in testosterone 
levels could help maintain the proliferation of stroma in females. These could reflect the 
different pathways of gene transcription activated by these compounds.21, 22 
 
III.3. 5. Conclusion 
 
Our data demonstrate the occurrence of intersexual differences in the postnatal 
development of the prostate due to finasteride exposure. The female prostate is more sensitive to 
alterations regarding changes in the branching morphogenesis of the gland, which was not 
observed in the male prostates. This suggests the importance of new studies assessing the 
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Figure 1. Histological sections of the ventral prostate of 14-day old males and females stained 
in HE and 3D reconstructions of the control group and of the group treated with 500 μg/Kg/day 
of finasteride on the postnatal period (F500) from days 7–14 of life. (A, B) In the female control 
group, the developing periductal smooth muscle can be observed in the anterior region of the 
prostate. (C, D) In the treated group, the smooth muscle spreads through the interductal region, 
and the developing alveoli present a hypomorphic aspect. (E, F) The periductal smooth muscle 
is observed by circumscribing the developing prostate alveoli in males of the control group. (G, 
H) As in females, the developing alveoli of males in the treated group also present a 
hypomorphic aspect with a reduced lumen. The periductal smooth muscle is thicker compared 
to the control group. (I) A reduction in the thickness of the prostate alveoli was seen in both 
males and females of the treated group compared to the control. (J) An increase was observed 
in the thickness of the periductal smooth muscle in both males and females. (K) No difference 
in periurethral smooth muscle thickness was observed between the treated group and the control 
group in both males and females. (L) In females of the treated group F500, the number of 
developing prostate alveoli derived from secondary, tertiary and higher-than-tertiary branches 
showed a statistically significant decrease compared to the control group. (M) There was no 
statistically significant difference in the number of developing prostate alveoli in males of the 
control group compared to the group treated with finasteride. (PA) Developing prostate alveoli. 
PSM (Periurethral smooth muscle), U (Urethra), Arrow (periductal/alveolar smooth muscle), 
Red (Smooth muscle), Cyan (Prostate branches), Green (Urothelium), Dark Blue (Urethra 
lumen), White bars (200 μm), a, b, c (different letters between the bars and * indicate the 











Figure 2. IF assays for α-SMA in histological sections of the prostate of females and males at 
14 days of postnatal life in the control group and the group treated with 500 μg/Kg/day of 
finasteride in the postnatal period (F500) from day 7–14 of life. (A–C) There is a low presence 
of α-SMA in the periductal region, indicating a still incipient development of the periductal 
smooth muscle in females of the control group. (D–F) There is intense immunolabeling of α-
SMA in the periductal region, which indicates an earlier development of this muscle layer in 
females of the finasteride group. (G–I) The labelling for α-actin is incipient in the periductal 
region of the prostates of males of the control group. (J–L) Intense immunolabeling for α-SMA 
is observed in the periductal region in the ventral prostate of males of the treated group. Arrow 









Figure 3. IHC assays for AR, ERα and PCNA in sections of the developing ventral prostate of 
females and males at 14 days of postnatal life in the control group and the group treated with 
500 μg/Kg/day of finasteride (F500) from day 7–14 of postnatal life. (A–F) In the females of 
the treated group F500, there were no significant differences in the number of AR-positive cells 
compared to the control group in both the epithelium and the prostate stroma. In males, there 
was a decrease in the presence of epithelial AR in the treated group compared to the control 
group. As for stromal AR, no difference was found between groups. (G–L) The number of 
ERα-positive cells in both epithelium and stroma did not vary significantly between the F500 
and the control group in the females; in males, a decrease was observed in the presence of 
epithelial ERα of the F500 group compared to the control group. No difference was observed 
in the number of ERα-positive cells in the male prostate stroma between the groups. (M–R) As 
for PCNA, which was used as an indicator of cell proliferation, there was an increase in the 
number of PCNA-positive cells in both the prostate stroma and epithelium in females of the 
F500 group compared to the control group. In males, there was an increase in the presence of 
PCNA in the prostate stroma of the F500 group compared to the control group, whereas in the 
epithelium there was no variation in the number of PCNA-positive cells between the groups. 
PA (Developing Prostate Alveoli), Arrow (Stromal immunolabeling), Arrowhead (Epithelial 
immunolabeling), a, b, c (different letters between the bars indicate the occurrence of a 












Figure 4. Serum testosterone concentration of males and females of F500 and control groups. 
An increase in serum testosterone levels (pg/mL) in the treated group F500 is observed in both 
males and females compared to the control group, a, b, c, d (statistically significant difference 



















Pouco tem sido estudado a respeito dos efeitos da finasterida sobre o 
desenvolvimento inicial da próstata de machos, como é visto pela escassez de trabalhos na 
literatura, e menos ainda se sabe sobre tais efeitos na próstata de fêmeas, e as possíveis variações 
intersexuais decorrentes dessa exposição. O gerbilo da Mongólia se mostra um modelo 
experimental interessante para estudos comparativos, já que nesta espécie a presença de próstata 
em fêmeas é muito alta, apesar de não ser totalmente elucidado o porquê.  
A finasterida é um fármaco que bloqueia a atividade da isoenzima tipo 2 da 5α-
Redutase, que é justamente a que está mais presente no tecido prostático (Opoku-Acheampong 
et al., 2017); tal enzima atua na conversão da testosterona na sua forma mais ativa, a di-
hidrotestosterona (DHT), que possui afinidade 10 vezes maior com o receptor de andrógeno 
(AR) do que a primeira (Bruchovsky; Wilson, 1999; Steers, 2001; Thomson; Marker 2006). 
Sabe-se que a utilização da finasterida em tratamentos contra o câncer de próstata, de modo a 
reduzir a atividade androgênica e, por conseguinte, a proliferação tumoral (Anitha et al, 2009; 
Opoku-Acheampong et al., 2017), pode levantar preocupações acerca de sua forma livre no 
ambiente e dos efeitos que tal inibidor pode ter sobre o desenvolvimento prostático. Os poucos 
estudos relacionados à exposição intrauterina à finasterida em machos demonstraram que tal 
exposição, que causa redução nos níveis de DHT ao longo do desenvolvimento prostático 
inicial, pode gerar redução no tamanho da próstata, problemas na formação dos alvéolos, 
diminuição da atividade secretória e, em dosagens mais altas, não formação dos lobos 
prostáticos. (Bowman at al. 2003). Entretanto, faltam estudos com relação a exposição pré-natal 
a essa substância em fêmeas. Dessa forma, nosso estudo buscou avaliar, pela primeira vez, a 
diminuição dos níveis de DHT, particularmente nas fêmeas, e as diferenças na sensibilidade à 
finasterida em ambos os sexos, já que haviam indícios de que a dinâmica hormonal da glândula 
prostática variava entre machos e fêmeas, e poderiam haver variações de sensibilidade a vários 
compostos, tais como verificado para o BPA (Lima et al., 2015; Rodríguez et al., 2015), o EE 
(Perez et al., 2011, 2012, 2016), e parabenos (Costa et al., 2017).  
Devido à essa escassez de dados quanto à exposição intrauterina a finasterida, e 
sendo os estudos existentes relacionados aos efeitos apenas em machos, no Artigo 1 foi 
utilizada uma dosagem baixa, porém considerada ambientalmente relevante, de 100 μg/Kg/dia 
de finasterida no período de desenvolvimento prostático pré-natal. Os dados mostraram que, 
mesmo com essa dose baixa, já foi possível verificar alterações na formação das musculaturas 
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periductal e periuretral, especificamente o aumento da espessura das mesmas, em ambos os 
sexos, e observou-se a continuidade da musculatura periductal com a periuretral em fêmeas, o 
que pode indicar possíveis problemas futuros na funcionalidade da próstata. A análise 3D ainda 
mostrou que não existem diferenças significativas no padrão de ramificação e nem no número de 
brotamentos prostáticos entre os grupos tratados e controle de ambos os sexos. Verificou-se, por 
meio dos ensaios de IHC, aumento na presença do AR epitelial nos machos expostos a esse 
tratamento intrauterino com finasterida, o que pode indicar que a testosterona pode compensar a 
diminuição nos níveis de DHT, mantendo uma baseline na presença desse fator (AR). Nenhuma 
diferença significativa foi verificada na marcação deste fator para o estroma e epitélio de fêmeas, 
de forma que possivelmente elas dependam menos da DHT, nesse período. Quanto ao receptor 
de estrógeno α, ERα, há uma diminuição da sua expressão tanto no epitélio quanto no estroma 
dos machos tratados, o que pode implicar em uma diminuição na conversão de testosterona para 
estradiol, via aromatase (Ellem; Risbridger, 2010), para tentar compensar o ambiente pouco 
androgênico causado pela finasterida. Nas fêmeas tratadas, não foram verificadas alterações na 
presença desse fator nem no epitélio e nem no estroma, de modo que a finasterida, na dosagem 
utilizada, provavelmente não causou alterações nos níveis estrogênicos – apesar de tais não terem 
sido medidos –, logo a sensibilidade ao ERα se manteve a mesma nas fêmeas. Adicionalmente, o 
epitélio prostático das fêmeas expostas a essa dosagem de finasterida se mostrou mais 
proliferativo, o que não foi visto para o estroma e nem para o epitélio e estroma de machos. 
Ainda, sabe-se que a exposição à finasterida provoca, em homens adultos, uma leve 
elevação nos níveis séricos de testosterona (Roehrborn et al., 2003; Stanczyk et al., 2013), no 
entanto, pouco se sabe a respeito dos efeitos da exposição intrauterina a esse fármaco sobre os 
níveis de testosterona. No nosso estudo, verificou-se uma diminuição nos níveis séricos de 
testosterona nos filhotes no sétimo dia de vida pós-natal (P7). Tendo em vista os dados sobre a 
exposição da finasterida sobre a próstata de ratos, nos quais foram verificadas alterações como a 
perda do lobo ventral e dorsal em uma parcela dos ratos, não se investigou os efeitos deste 
fármaco sobre a concentração sérica de testosterona (Bowman et al., 2003; Rehman et al., 2018). 
Pode-se especular que, inicialmente, a finasterida gera uma queda geral no nível de testosterona 
também nos ratos, o que justificaria parte dos resultados encontrados na literatura para os 
mesmos, já que a não ocorrência de um lobo da próstata tem impacto sobre vias testosterona-
dependentes (Pu et al., 2007), visto que a testosterona é a responsável pelo desenvolvimento 
inicial dos lobos prostáticos, e a DHT, sua forma mais ativa, atuaria posteriormente no processo 
de ramificação e na diferenciação morfofuncional dos alvéolos prostáticos (Foster; Cunha, 1999). 
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Com relação a estes dados serológicos, nosso estudo indica uma ação mais complexa da 
finasterida sobre a concentração sérica de testosterona e, em termos gerais, indica que esta 
substância gera uma queda na atividade androgênica também pela redução na concentração sérica 
de testosterona.  
Em seguida, pensou-se na necessidade de verificar alterações na próstata exposta a 
finaterida, ainda durante o período intrauterino, com uma dosagem elevada (500 μg/Kg/dia), o 
que foi evidenciado no Artigo 2. Assim como no estudo anterior, a dinâmica de ramificações ou 
número de brotamentos não foi alterada, o que reflete os dados da literatura de que a ação do 
DHT é mais tardia no desenvolvimento prostático, não sendo essencial para a fase de indução do 
mesmo (Bowman et al., 2003). Entretanto, alterações foram verificadas quanto a musculatura lisa 
periductal, que se tornou mais espessa nas fêmeas tratadas, sendo que o contrário foi visto para 
machos, o que indica um desenvolvimento mais precoce da mesma em fêmeas, e, em adição a 
continuidade dessa musculatura na região interductal, também pode indicar problemas futuros na 
diferenciação dessa camada de musculatura e problemas na sua funcionalidade. Já os dados de 
IHC para o AR mostraram efeitos complexos da finasterida, que variam entre os sexos e também 
em diferentes fases do desenvolvimento. No primeiro dia de vida pós-natal (P0) a presença do 
AR epitelial diminui bruscamente em machos do grupo tratado com a dose elevada de finasterida, 
mas se mantém estável no estroma, enquanto nas fêmeas não há alteração. Já em P7, verifica-se 
o efeito oposto, a presença do AR epitelial aumenta significativamente em machos no grupo 
tratado, e este efeito pode ser explicado por uma possível compensação do organismo em face da 
falta de testosterona e pode ter mecanismos análogos aos verificados no câncer de próstata 
resistente a castração (CPRC). No caso do CPRC, o tecido tumoral aumenta a presença do AR 
mesmo perante a queda da concentração de testosterona, entretanto, os mecanismos subjacentes 
à este aumento na presença do AR ainda permanecem elusivos, porém há evidências de que a 
falta de testosterona sérica leva a uma produção endógena de testosterona pelo tecido tumoral 
(Sharifi et al., 2013; Goldenberg 2009), bem como a uma resposta que leva a formação de 
variantes do AR que não possuem o domínio ligante ou que possuem alterações no domínio, o 
que leva a expressão constitutiva do AR (Watson et al., 2010). Já a presença do ERα, que está 
associado a proliferação epitelial da glândula (Ellen; Risbridger, 2009), se mostrou alterada no 
epitélio prostático de fêmeas, o que não foi verificado para machos, o que pode indicar que, 
nessas fêmeas, possivelmente houve aumento da conversão da testosterona em estradiol pela 
aromatase. Dessa forma, supõe-se que os machos são mais sensíveis a testosterona, de acordo 
com as variações na presença do AR epitelial, enquanto as fêmeas são mais sensíveis ao 
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estradiol, refletido pela variação na presença do ERα epitelial (Sanches et al., 2017a). Com 
relação a concentração sérica de testosterona, foi verificado uma queda decorrente da exposição 
intrauterina a finasterida, assim como ocorreu no tratamento com uma dosagem mais baixa.  
Em termos da atividade proliferativa, verificou-se um aumento tanto no epitélio 
quanto no estroma prostático nas fêmeas expostas à dosagem elevada de finasterida durante a 
vida intrauterina, já nos machos, a proliferação estromal se manteve inalterada, mas houve 
aumento da presença do PCNA no epitélio prostático, o que contradiz a literatura e mostra que 
os efeitos da DHT podem ser dose-dependentes para a exposição intrauterina à finasterida. A 
literatura demonstra redução na proliferação celular e no volume da próstata, mas mesmo em 
dosagens mais elevadas, alterações mais drásticas só afetam de um quinto a um quarto da 
próstata dos ratos (Bowman et al., 2003; Rehman et al., 2018). 
Por fim, objetivou-se se fazer uma análise comparativa das possíveis diferenças entre 
a exposição intrauterina e pós-natal à finasterida. O Artigo 3, que trata da exposição pós-natal 
a finasterida na mesma dosagem elevada utilizada no trabalho anterior (500 μg/Kg/dia), 
demonstrou, por meio da análise da estrutura tridimensional, alterações mais profundas no 
desenvolvimento prostático no gerbilo, com glândulas de aspecto hipomórfico, especialmente 
em fêmeas, com uma queda considerável do número de alvéolos prostáticos em 
desenvolvimento, o que pode ser justificado por tal exposição durante o auge do processo de 
morfogênese das ramificações prostáticas, que ocorre entre 7 e 14 dias de vida após o 
nascimento (Sanches et al., 2016b). Houve ainda aumento da espessura da musculatura 
periductal em ambos os sexos, o que pode indicar um desenvolvimento mais precoce deste 
componente tecidual e poderia levar a possíveis problemas na funcionalidade da glândula no 
futuro, assim como foi sugerido nos dois trabalhos anteriores com resultados semelhantes. Desse 
modo, nossos dados indicam que, além de variações dose-dependentes, os efeitos da finasterida 
também dependem do período de exposição. A próstata é mais duramente impactada no período 
pós-natal inicial no gerbilo do que no período pré-natal, o que pode refletir dois aspectos, um 
desenvolvimento prostático mais tardio nessa espécie (Sanches et al., 2014) comparativamente 
aos outros roedores de laboratório, e, além disso, sabe-se que os efeitos da DHT são distintos 
dos da testosterona (Bowman et al., 2003; Rehman et al., 2018) com vias distintas de ativação 
gênica (Dadras et al., 2001; Setlur et al., 2010), de modo que a inibição da produção de DHT 
no período pré-natal não afeta a fase dos brotamentos da glândula (indução prostática), apenas 
a fase das ramificações e da diferenciação morfofuncional dos alvéolos prostáticos. 
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Ainda, em contraste aos efeitos inibitórios da produção de DHT devido ao 
tratamento com finasterida, verificados nos dois estudos anteriores, onde os níveis de 
testosterona sérica diminuíram, neste estudo a concentração de testosterona aumentou em 
ambos os sexos nos grupos tratados, algo que já foi visto em estudos anteriores (Roehrborn et 
al., 2003; Stanczyk et al. al., 2013). Adicionalmente, o aumento na atividade proliferativa no 
estroma e epitélio das fêmeas, assim como a redução no número de alvéolos, pode indicar as 
mudanças na proporção entre a testosterona livre e a DHT na próstata. A ação da finasterida 
sobre a DHT pode levar a problemas na diferenciação do compartimento epitelial, enquanto os 
níveis mais elevados de testosterona poderiam ajudar a manter a proliferação estromal, o que 
corrobora as diferentes vias de transcrição de genes ativada por esses hormônios. Assim, 
observa-se que as alterações nas fêmeas do grupo tratado no período pós-natal são mais severas 
do que as verificadas nos machos, demonstrando variações intersexuais na exposição pós-natal 
à finasterida, o que é evidenciado por alterações no processo de ramificação da glândula.  Estes 
dados reforçam as preocupações acerca de anomalias no desenvolvimento dos órgãos sexuais 
decorrentes da exposição a esse fármaco ao longo do desenvolvimento prostático (Sallout; 
Wadi, 2009).  
Os dados de IHC também mostram que nenhuma alteração foi verificada na 
presença do AR estromal e epitelial de fêmeas do grupo tratado, mas houve diminuição na 
presença desse fator no epitélio de machos tratados, algo que também foi visto em indivíduos 
com hiperplasia que foram tratados com finasterida (Bauman et al., 2014). A presença do ERα 
também não se alterou nem no epitélio e nem no estroma das fêmeas, enquanto no epitélio dos 
machos a marcação para este fator está diminuída, assim como para o AR, o que demonstra que 
existe um meio hormonal distinto para machos e fêmeas quanto a presença de ambos os fatores, 
como já havia sido hipotetizado por nosso grupo antes (Sanches et al., 2016a; Biancardi et al., 
2017; Sanches et al., 2017a) 
De forma geral, todos os nossos dados indicam efeitos complexos da exposição à 
finasterida no desenvolvimento inicial da próstata de machos e fêmeas, demonstrando que esta 
glândula pode ser afetada mesmo em baixas dosagens, sendo que alterações maiores são 
verificadas em uma dosagem alta exposta no período pós-natal, e, assim, tanto a dosagem 
utilizada quanto o período de exposição a esta substância pode gerar diferentes efeitos, entre os 
sexos, na dinâmica hormonal prostática, que, naturalmente, já é muito dinâmico. Um exemplo 
interessante de como os desreguladores endócrinos podem gerar alterações diferentes na 
próstata de acordo com o período de vida em que os indivíduos são expostos é visto nos 
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trabalhos de Rodríguez e colaboradores (2015), onde fêmeas de gerbilo recém-nascidas 
expostas ao BPA durante o período intrauterino tiveram expressão do ERα aumentada, 
diminuição da expressão do AR nos brotamentos e no mesênquima, além de redução da 
proliferação nos brotamentos; fêmeas adultas, por sua vez, foram expostas a mesma dosagem 
de BPA durante o desenvolvimento pré-puberal, e apresentaram aumento de células AR-
positivas, assim como aumento da proliferação, e vários focos de inflamação e hiperplasia em 
suas próstatas quando adultas. Tal estudo demonstrou que as fêmeas do gerbilo são mais 
sensíveis aos efeitos desse EDC quando expostas no período pré-puberal do que durante o 
desenvolvimento pré-natal.  
Por fim, é pertinente ressaltar que a investigação dos efeitos de alterações 
hormonais durante o desenvolvimento prostático pré e pós-natal, particularmente sobre a 
redução da atividade androgênica, se torna relevante em face ao aumento da exposição a 
disruptores endócrinos (Perez et al., 2011; Doshi et al., 2011; Vandenberg et al., 2011; 
Biancardi et al., 2015; Perez et al., 2016), e outras substâncias capazes de alterar as taxas 
hormonais ao longo do desenvolvimento prostático nas sociedades industrializadas, como a 
finasterida, que é utilizada em tratamentos contra BPH, alopecia e hirsutismo (Aggarwal et 
al., 2010; Lakryc et al., 2013; Chau et al., 2015) e apresenta potencial acúmulo no meio 
ambiente, já que é considerada praticamente insolúvel em água (Byard et al., 2012; 
Sammartino et al, 2013). Tal estudo é importante para se determinar dosagens que possam ser 
ambientalmente seguras para fêmeas, já que os parâmetros estabelecidos são voltados para a 
próstata de machos.  Ainda, é interessante destacar que são escassos os estudos sobre a presença 
de finasterida no meio ambiente, especialmente em efluentes; entretanto, além dos possíveis 
riscos para a próstata das fêmeas, sabe-se que a finasterida presente no ambiente tem impacto 
sobre a fauna aquática, gerando alterações no sistema reprodutivo de peixes (Lee et al., 2015) e 









V. CONCLUSÃO  
 
Nossos dados confirmaram que a finasterida provoca alterações na próstata tanto 
no período intrauterino quanto no pós-natal inicial tanto em machos quanto em fêmeas. Na 
exposição intrauterina a uma dosagem menos elevada foram verificadas alterações na 
musculatura lisa em ambos os sexos, sendo que a próstata das fêmeas apresentou maiores 
alterações pela fusão da musculatura lisa periductal com a musculatura lisa periuretral, o que 
pode indicar futuros defeitos na diferenciação. Adicionalmente, o estroma prostático das fêmeas 
se mostrou mais proliferativo, o que pode indicar modificações maiores no desenvolvimento 
das fêmeas em comparação aos machos, de forma que, possivelmente, a próstata das fêmeas 
pode ser mais afetada a doses baixas de compostos exógenos, que podem não impactar o 
desenvolvimento ou não levar a quadros de patogênese em machos. Na exposição pré-natal a 
uma dosagem mais elevada, vimos uma diminuição da espessura da musculatura lisa periductal 
em machos e um aumento na das fêmeas, assim como aumento na proliferação estromal na 
próstata das últimas. Entretanto, tal exposição não alterou o número de ramificações ou a 
espessura das mesmas. Ainda, observamos aumento na presença do AR epitelial em machos, 
enquanto em fêmeas houve aumento do ERα epitelial, indicando que a próstata das fêmeas 
possui sua própria dinâmica hormonal e existem diferenças intersexuais no modo como cada 
um reage a exposição intrauterina a finasterida. Já quanto a exposição pós-natal a finasterida, 
alterações mais severas foram verificadas, como aumento na espessura da musculatura lisa 
periductal e diminuição da espessura dos alvéolos prostáticos em desenvolvimento em ambos 
os sexos, levando a um aspecto hipomórfico da glândula. Ainda, foi visto que a próstata das 
fêmeas apresenta maiores alterações com a exposição pós-natal do que a dos machos, como 
verificado pelas alterações no número de ramificações, e um aumento tanto no epitélio quanto no 
estroma da atividade proliferativa. 
Por fim, as diferenças observadas, em termos de sensibilidade hormonal e 
patogênese, levantam preocupações acerca dos níveis ambientais seguros de exposição a 
finasterida para a próstata das fêmeas que variam dos parâmetros que são baseados apenas na 
próstata dos machos, de forma que dosagens deste fármaco que não gerariam efeitos em machos 
poderiam gerar alterações negligenciadas na próstata de fêmeas.  Isto se torna ainda mais 
preocupante tendo em vista a ocorrência de próstata em uma parcela das mulheres e a crescente 




VI. REFERÊNCIAS  
 
Aggarwal S, Thareja S, Verma A, Bhardwaj TR, Kumar M. (2010). An overview on 5alpha-
reductase inhibitors. Steroids 75:109-53. doi: 10.1016/j.steroids.2009.10.005.  
Albert DJ, Jonik RH, Walsh ML. (1990). Hormone-dependent aggression in female rats: 
testosterone implants attenuate the decline in aggression following ovariectomy. Physiol 
Behav. 47(4):659-64. 
Anitha B, Inamadar AC, Ragunatha S. (2009). Finasteride-its impact on sexual function and 
prostate cancer. J Cutan Aesthet Surg. 2(1), 12–16. 
Baresel C, Palm Cousins A, Hörsing M et al. (2015). Pharmaceutical residues and other 
emerging substances in the effluent of sewage treatment plants. Review on concentrations, 
quantification, behaviour, and removal options. IVL Swedish Environ Res Inst Ltd. 
2015;IVL-report B 2226. 
Bauman TM, Sehgal PD, Johnson KA et al. (2014). Finasteride treatment alters tissue specific 
androgen receptor expression in prostate tissues. Prostate. 74(9):923-32. doi: 
10.1002/pros.22810.  
Biancardi MF, Perez AP, Caires CR, Góes RM, Vilamaior PS, Santos FC, Taboga SR. (2015). 
Prenatal exposure to testosterone masculinises the female gerbil and promotes the development 
of lesions in the prostate (Skene's gland). Reprod Fertil Dev 27(7): 1000-11. doi: 
10.1071/RD13387. 
Biancardi MF, Perez AP, Góes RM, Santos FC, Vilamaior PS, Taboga SR (2012). Prenatal 
testosterone exposure as a model for the study of endocrine-disrupting chemicals on the gerbil 
prostate. Exp Biol Med (Maywood) 237(11): 1298-309. doi: 10.1258/ebm.2012.012051. 
Biancardi MF, Santos FCA, Carvalho HF, Sanches BDA, Taboga SR (2017) Female prostate: 
historical, developmental, and morphological perspectives. Cell Biol Int 41(11): 1174-1183. 
doi: 10.1002/cbin.10759.  
Brambell FWR, Davis DHS. (1940). The normal occurrence, structure and homology of 
prostate glands in adult female Mastomys erythroleucus Temm. J Anat;75(Pt 1):64-74. 
113 
 
Bruchovsky N, Wilson JD. (1999). Discovery of the role of dihydrotestosterone in androgen 
action. Steroids 64:753–759. 
 
Bowman CJ, Barlow NJ, Turner KJ, Wallace DG, Foster PM. (2003). Effects of in utero 
exposure to finasteride on androgen-dependent reproductive development in the male rat. 
Toxicol Sci. Aug;74(2):393-406. 
Boberg J, Taxvig C, Christiansen S et al. (2010). Possible endocrine disrupting effects of 
parabens and their metabolites. Reprod Toxicol. 2010;30(2):301-12. doi: 
10.1016/j.reprotox.2010.03.011.  
Byard S, Abraham A, Boulton PJ, Harris RK, Hodgkinson O. (2012). A multi-technique 
approach to the study of sctructural stability and desolvation of two unusual channel hydrate 
solvates of finasteride. J Pharm Sci. 101(1):176-86. doi: 10.1002/jps.22740. 
Campos, S. G., Zanetoni, C., Góes, R. M., and Taboga, S. R. (2006). Biological behavior of the 
gerbil ventral prostate in three phases of postnatal development. Anat Rec. 288(7), 723-33. 
Chau CH, Price DK, Till C, Goodman PJ, Chen X, Leach RJ, Johnson-Pais TL, Hsing AW, 
Hoque A, Tangen CM, Chu L, Parnes HL, Schenk JM, Reichardt JK, Thompson IM, Figg WD.  
(2015). Finasteride concentrations and prostate cancer risk: results from the Prostate Cancer 
Prevention Trial. PLoS One.10(5):e0126672. doi: 10.1371/journal.pone.0126672.  
Chrisman H, Thomson AA. (2006). Regulation of urogenital smooth muscle patterning by 
testosterone and estrogen during prostate induction. Prostate. 66(7):696-707. 
Christante CM, Pinto-Fochi ME, Negrin AC et al. (2018). Effects of gestational exposure to di-
n-butyl phthalate and mineral oil on testis development of the Mongolian gerbil. Reprod Fertil 
Dev. 2018;30(12):1604-1615. doi: 10.1071/RD17482. 
Chung LW, Cunha GR. (1983). Stromal-epithelial interactions: II. Regulation of prostatic 
growth by embryonic urogenital sinus mesenchyme. Prostate 4:503-11. 
Colleta SJ, Antoniassi JQ, Zanatelli M et al. (2017) Acute exposure to bisphenol A and 
cadmium causes changes in the morphology of gerbil ventral prostates and promotes alterations 
in androgen-dependent proliferation and cell death. Environ Toxicol;32(1):48-61. doi: 
10.1002/tox.22211.  
Corradi LS, Campos SG, Santos FC, Vilamaior OS, Góes RM, Taboga SR. (2009). Long-term 
114 
 
inhibition of 5-alpha reductase and aromatase changes the cellular and extracellular 
compartments in gerbil ventral prostate at different postnatal ages. Int J Exp Pathol., 90(1):79-
94. doi: 10.1111/j.1365-2613.2008.00618.x. 
Corradi LS, Góes RM, Carvalho HF, Taboga SR. (2004). Inhibition of 5-alpha-reductase activity 
induces stromal remodeling and smooth muscle de-differentiation in adult gerbil ventral prostate. 
Differentiation, 72(5):198-208. 
Costa JR, Campos MS, Lima RF, Gomes LS, Marques MR, Taboga SR, Biancardi MF, Brito 
PVA, Santos FCA. (2017). Endocrine-disrupting effects of methylparaben on the adult gerbil 
prostate. Environ Toxicol 32(6): 1801-1812. doi: 10.1002/tox.22403. 
Costa TCM, Cury PM, Custódio AMG. (2016). Features of the female prostate according to 
age: an autopsy study. J Bras Patol Med Lab 52:4-10. doi: 10.5935/1676-2444.20160041   
Cunha GR. (1973). The role of androgens in the epithelio-mesenchymal interactions involved 
in prostatic morphogenesis in embryonic mice. Anat. Rec., v. 1, p. 87–96. 
Cunha GR, Vezina CM, Isaacson D, Ricke WA, Timms BG, Cao M, Franco O, Baskin LS. 
(2018). Development of the human prostate. Differentiation 103:24-45. doi: 
10.1016/j.diff.2018.08.005.  
Custódio AM, Góes RM, Taboga SR (2004). Acid phosphatase activity in gerbil prostate: 
comparative study in male and female during postnatal development. Cell Biol Int 28(5): 335-
44. 
Custodio AM, Santos FCA, Campos SG, Vilamaior PSL, Góes RM, Taboga SR. (2008). Aging 
effects on the mongolian gerbil female prostate (Skene's paraurethral glands): structural, 
ultrastructural, quantitative, and hormonal evaluations. Anat Rec 291:463-74. 
Custodio AMG, Santos FCA, Campos SGP, Vilamaior PSL, Oliveira SM, Góes RM. (2010). 
Disorders related with ageing in the gerbil female prostate (Skene’s paraurethral glands). Int 
J Exp Pathol., v. 91, n. 2, p.132–143. doi: 10.1111/j.1365-2613.2009.00685.x. 
Dadras SS, Cai X, Abasolo I, Wang Z. (2001) Inhibition of 5alpha-reductase in rat prostate 
reveals differential regulation of androgen-response gene expression by testosterone and 
dihydrotestosterone. Gene Expr.;9(4-5):183-94. 
115 
 
De Jonge C. (2005). Biological basis for human capacitation. Hum Reprod Update 11:205-14. 
Dietrich W, Susani M, Stifter L, Haitel A. (2011). The human female prostate-
immunohistochemical study with prostate-specific antigen, prostate-specific alkaline 
phosphatase, and androgen receptor and 3-D remodeling. J Sex Med., v. 8, n.10, p.2816-21. 
doi: 10.1111/j.1743-6109.2011.02408.x. 
Doshi T, Mehta SS, Dighe V, Balasinor N, Vanage G. (2011). Hypermethylation of estrogen 
receptor promoter region in adult testis of rats exposed neonatally to bisphenol A. 
Toxicology., v. 289, n. 2-3, p.74-82. doi: 10.1016/j.tox.2011.07.011. 
Duarte-Guterman P, Langlois VS, Hodgkinson K et al. (2009). The aromatase inhibitor 
fadrozole and the 5-reductase inhibitor finasteride affect gonadal differentiation and gene 
expression in the frog Silurana tropicalis. Sex Dev. 2009;3(6):333-41. doi: 10.1159/000280586. 
Epub 2010 Feb 2. 
Ellem SJ, Risbridger GP. (2010). Aromatase and regulating the estrogen:androgen ratio in the 
prostate gland. J Steroid Biochem Mol Biol., v. 118, n. 4-5, p. 246-51. doi: 
10.1016/j.jsbmb.2009.10.015. 
Ellem SJ, Risbridger GP. (2009). The Dual, Opposing Roles of Estrogen in the Prostate. 
Annals of the New York Academy of Science., Steroid Enzymes and Cancer, v.1155, 
p.174–186. DOI: 10.1111/j.1749- 6632.2009.04360.  
Enatsu N, Chiba K, Sumii K, Fukuda T, Okada K, Matsushita K, Fujisawa M. (2017). 
Dutasteride-mediated morphological changes in the genitourinary tract associated with altered 
expression patterns of the androgen and estrogen receptors in male rats. Andrology 5:347-353. 
doi: 10.1111/andr.12297.  
Feldman HA, Longcope C, Derby CA, Johannes CB, Araujo AB, Coviello AD, Bremner WJ, 
McKinlay JB. (2002). Age trends in the level of serum testosterone and other hormones in 
middle-aged men: longitudinal results from the Massachusetts male aging study. J Clin 
Endocrinol Metab 87:589-98. 
Fiala JC. 2005. Reconstruct: a free editor for serial section microscopy. J Microsc 218:52–61. 
116 
 
Finn DA, Beadles-Bohling AS, Beckley EH, Ford MM, Gililland KR, Gorin-Meyer RE, Wiren 
KM. (2006). A new look at the 5alpha-reductase inhibitor finasteride. CNS Drug Ver 12:53-
76. 
Fochi RA, Santos FC, Goes RM, Taboga SR. (2013). Progesterone as a morphological 
regulatory factor of the male and female gerbil prostate. Int J Exp Pathol 94(6): 373-86. doi: 
10.1111/iep.12050. 
Foster BA, Cunha GR. (1999). Efficacy of various natural and synthetic androgens to induce 
ductal branching morphogenesis in the developing anterior rat prostate. Endocrinology, 140: 
318-28. 
Gittes RF, Nakamura RM. 1996. Female urethral syndrome. A female prostatitis? West J Med 
164:435–438.  
Goldenberg L, So A, Fleshner N,  Rendon R,  Drachenberg D,  Elhilali M. (2009). The role of 
5-alpha reductase inhibitors in prostate pathophysiology: Is there an additional advantage to 
inhibition of type 1 isoenzyme? Can Urol Assoc J. 3(2), S109–S114. 
Guo Y, Kannan K. (2013). A survey of phthalates and parabens in personal care products from 
the United States and its implications for human exposure. Environ Sci Technol.47(24):14442-
9. doi: 10.1021/es4042034. 
Gupta N, Sudhakar DVS, Gangwar PK, Sankhwar SN, Gupta NJ, Chakraborty B, Thangaraj K, 
Gupta G, Rajender S. (2017). Mutations in the prostate specific antigen (PSA/KLK3) correlate 
with male infertility. Sci Rep 7:11225. doi: 10.1038/s41598-017-10866-1 
Hirshburg JM, Kelsey PA, Therrien CA, Gavino C, Reichenberg JS. (2016). Adverse Effects 
and Safety of 5-alpha Reductase Inhibitors (Finasteride, Dutasteride): A Systematic Review. J 
Clin Aesthet Dermatol 9:56–62. 
Ho SM, Tang WY, Belmonte de Frausto J, Prins GS. (2006). Developmental exposure to 
estradiol and bisphenol A increases susceptibility to prostate carcinogenesis and epigenetically 
regulates phosphodiesterase type 4 variant 4. Cancer Res 66:5624-32. 
Ho S-M, Tam NNC. (2015). Organoid model shows effect of BPA on prostate development. 
Nat Rev Urol 12:658–659. 
117 
 
Holterhus PM, Zhao GQ, Aumüller G. (1993). Effects of androgen deprivation and estrogen 
treatment on the structure and protein expression of the rat coagulating gland. Anat Rec. 
235(2):223-32. 
Jin S-K, Yang W-X. (2017). Factors and pathways involved in capacitation: how are they 
regulated? Oncotarget 8:3600–3627. doi: 10.18632/oncotarget.12274 
Josephson J.(2006). Chemical exposures: prostate cancer and early BPA exposure. Environ 
Health Perspect.;114(9):A520.  
Kato M, Ishii K, Iwamoto Y et al. (2013). Activation of FGF2-FGFR signaling in the castrated 
mouse prostate stimulates the proliferation of basal epithelial cells. Biol Reprod.89(4):81. doi: 
10.1095/biolreprod.112.107516. Print 2013 Oct. 
Khan MA, Partin AW. (2004). Finasteride and Prostate Cancer. Rev Urol. 6(2), 97–98.  
Korytko TP, Lowe GJ, Jimenez RE, Pohar KS, Martin DD. (2010). Prostate-specific antigen 
response after definitive radiotherapy for Skene's gland adenocarcinoma resembling prostate 
adenocarcinoma. Urol Oncol. 30(5), 602-6. doi: 10.1016/j.urolonc.2010.06.015.  
Lakryc EM, Motta EL, Soares JM, Haidar MA, de Lima GR, Baracat EC. (2013). The benefits 
of finasteride for hirsute women with polycystic ovary syndrome or idiopathic hirsutism. 
Gynecol Endocrinol. 17(1):57-63. 
Lebdai S, Bigot P, Azzouzi AR. (2010). High-grade prostate cancer and finasteride. BJU Int. 
105(4), 456-9. doi: 10.1111/j.1464-410X.2009.09089.x.  
Lee MR, Loux-Turner JR, Oliveira K. (2015). Evaluation of the 5α-reductase inhibitor 
finasteride on reproduction and gonadal development in medaka, Oryzias latipes. Gen Comp 
Endocrinol 216:64-76. doi: 10.1016/j.ygcen.2015.04.008. 
Lee SW, Juhasz M, Mobasher P, Ekelem C, Mesinkovska NA. (2018). A Systematic Review 
of topical finasteride in the treatment of androgenetic alopecia in men and women. J Drugs 
Dermatol. 17(4), 457-463. 
Leimgruber C, Quintar AA, García LN et al. (2013). Testosterone abrogates TLR4 activation 
in prostate smooth muscle cells contributing to the preservation of a differentiated phenotype. 
J Cell Physiol;228(7):1551-60. doi: 10.1002/jcp.24314. 
118 
 
Lima RF, Rodríguez DA, Campos MS, Biancardi MF, dos Santos IF, de Oliveira WD, Cavasin 
GM, Marques MR, Taboga SR, Santos FC. (2015). Bisphenol-A promotes antiproliferative 
effects during neonatal prostate development in male and female gerbils. Reprod Toxicol 58: 
238-45. doi: 10.1016/j.reprotox.2015.10.016.  
Liu PY, Beilin J, Meier C, Nguyen TV, Center JR, Leedman PJ, Seibel MJ, Eisman JA, 
Handelsman DJ. (2007). Age-related changes in serum testosterone and sex hormone binding 
globulin in Australian men: longitudinal analyses of two geographically separate regional 
cohorts. J Clin Endocrinol Metab 92:3599-603.  
McNeal, J.E. (1983) The prostate gland: morphology and pathobiology. Monogr Urol 4:3–37. 
 
Mahendroo MS1, Cala KM, Hess DL, Russell DW. (2001). Unexpected virilization in male 
mice lacking steroid 5 alpha-reductase enzymes. Endocrinology 142:4652-62. 
Marker PC, Donjacour AA, Dahiya R, Cunha GR. (2003). Hormonal, cellular, and molecular 
control of prostatic development. Dev Biol 253:165-74. 
Muto M, Inamura K, Ozawa N, Endo T, Masuda H, Yonese J, Ishikawa Y. (2017). Skene's 
gland adenocarcinoma with intestinal differentiation: A case report and literature review. 
Pathol Int 67:575-579. doi: 10.1111/pin.12571.  
Naslund MJ, Miner M. (2007). A review of the clinical efficacy and safety of 5alpha-reductase 
inhibitors for the enlarged prostate. Clin Ther 29:17-25. 
Negrin AC, de Jesus MM, Christante CM et al. (2018). Maternal supplementation with corn oil 
associated or not with di-n-butyl phthalate increases circulating estradiol levels of gerbil 
offspring and impairs sperm reserve. Reprod Toxicol. 81:168-179. doi: 
10.1016/j.reprotox.2018.08.011.  
Niu Y, Wang J, Shang Z, et al. (2011). Increased CK5/CK8-positive intermediate cells with 
stromal smooth muscle cell atrophy in the mice lacking prostate epithelial androgen receptor. 
PLoS One, 6(7):e20202. doi: 10.1371/journal.pone.0020202.  
Opoku-Acheampong AB, Henningson JN, Lindshield BL. (2017). The impact of finasteride 
and dutasteride treatments on proliferation, apoptosis, androgen receptor, 5α-reductase 1 and 
5α-reductase 2 in TRAMP mouse prostates. Heliyon. ;3(7):e00360. doi: 
10.1016/j.heliyon.2017.e00360. eCollection 2017 Jul. 
119 
 
Perez APS, Biancardi MF, Caires CRS, Falleiros LR Jr, Góes RM, Santos FC, Taboga SR. 
(2017). Pubertal exposure to ethinylestradiol promotes different effects on the morphology of 
the prostate of the male and female gerbil during aging. Environ Toxicol 32:477-489. DOI: 
10.1002/tox.22252 
Perez AP, Biancardi MF, Caires CR, Falleiros-Junior LR, Góes RM, Vilamaior PS, Santos FC, 
Taboga SR. (2016). Prenatal exposure to ethinylestradiol alters the morphologic patterns and 
increases the predisposition for prostatic lesions in male and female gerbils during ageing. Int 
J Exp Pathol 97(1): 5-17. doi: 10.1111/iep.12153. 
Perez AP, Biancardi MF, Góes RM, dos Santos FA, Taboga SR. (2011). Exposure to 
ethinylestradiol during prenatal development and postnatal supplementation with testosterone 
causes morphophysiological alterations in the prostate of male and female adult gerbils. Int J 
Exp Pathol 92(2): 121-30. doi: 10.1111/j.1365-2613.2010.00756.x.  
Perez AP, Biancardi MF, Vilamaior PS, Góes RM, Santos FC, Taboga SR (2012). Microscopic 
comparative study of the exposure effects of testosterone cypionate and ethinylestradiol during 
prenatal life on the prostatic tissue of adult gerbils. Microsc Res Tech 75(8): 1084-92. doi: 
10.1002/jemt.22034.  
Pongtippan A, Malpica A, Levenback C, Deavers MT, Silva EG. (2004). Skene's gland 
adenocarcinoma resembling prostatic adenocarcinoma. Int J Gynecol Pathol. 23(1), 71-4. 
Powers GL, Marker PC. (2013). Recent advances in prostate development and links to prostatic 
diseases. Wiley Interdiscip Rev Syst Biol Med. 5(2), 243–256. 
Prins GS, Birch L. (1995). The developmental pattern of androgen receptor expression in rat 
prostate lobes is altered after neonatal exposure to estrogen. Endocrinology 136:1303–1314.   
Prins GS, Birch L, Tang W-Y, Ho S-M. (2007). Developmental Estrogen Exposures Predispose 
to Prostate Carcinogenesis with Aging. Reprod Toxicol 23:374–382. doi: 
10.1016/j.reprotox.2006.10.001. 
Prins GS, Putz O. (2008). Molecular signaling pathways that regulate prostate gland 
Development. Differentiation., v. 76, n.6, p.641–659. 
120 
 
Pu Y, Huang L, Birch LE, Prins GS. (2007). Androgen Regulation of Prostate 
Morphoregulatory Gene Expression: Fgf10-Dependent and -Independent Pathways. 
Endocrinology. v. 148, n. 4, p.1697–1706. doi: 10.1210/en.2006-1113. 
Rehman S, Usman Z, Rehman S, Draihem M, Rehman N, Rehman I, Ahmad G. (2018). 
Endocrine disrupting chemicals and impact on male reproductive health. Transl Androl Urol. 
Jun;7(3):490-503. doi: 10.21037/tau.2018.05.17. 
Rochel SS, Bruni-Cardoso A, Taboga SR, Vilamaior PSL, Góes RM. (2007). Lobe Identity in 
the Mongolian Gerbil Prostatic Complex: A New Rodent Model for Prostate Study. The 
Anatomical Record, v. 290, p. 1233–1247. 
Rochel-Maia SS, Santos FCA, Alonso-Magdalena P, Góes RM, Vilamaior PSL, Warner M, 
Gustafsson J-A, Taboga SR. (2012). Estrogen Receptors Alpha and Beta in Male and Female 
Gerbil Prostates. Biol Reprod 88:1-7.  
Rodríguez DAO, de Lima RF, Campos MS, Costa JR, Biancardi MF, Marques MR, Taboga 
SR, Santos FCA. (2015). Intrauterine exposure to bisphenol A promotes different effects in 
both neonatal and adult prostate of male and female gerbils (Meriones unguiculatus). Environ 
Toxicol 31(12): 1740-1750. doi: 10.1002/tox.22176.  
Roehrborn CG, Lee M, Meehan A, Waldstreicher J. (2003). Effects of finasteride on serum 
testosterone and body mass index in men with benign prostatic hyperplasia. Urology 62 (5). 
Saffarini CM, McDonnell EV, Amin A, Spade DJ, Huse SM, Kostadinov S, Hall SJ, 
Boekelheide K. (2013). Maturation of the developing human fetal prostate in a rodent xenograft 
model. Prostate 73:1761-75. doi: 10.1002/pros.22713.  
Sallout BI, Wadi KAA. (2009). Aphalangia possibly linked to unintended use of finasteride 
during early pregnancy. Ann Saudi Med. Mar-Apr; 29(2): 155. doi:  10.4103/0256-
4947.51805. 
Sammartino PM, Castrucci M, Ruiu D, Visco G, Campanella L. (2013). Photostability and 
toxicity of finasteride, diclofenac and naproxen under simulating sunlight exposure: 
evaluation of the toxicity trend and of the packaging photoprotection. Chem Cent J.; 7: 181. 
Santti R, Newbold RR, Mäkelä S et al. (1994). Developmental oestrogenisation and prostate 
121 
 
neoplasia. Prostate. ;24(2):67–78 
Sanches BDA, Biancardi MF, Santos FCA, Góes RM, Vilamaior PSL, Taboga SR. (2014). 
Budding process during the organogenesis of the ventral prostatic lobe in mongolian gerbil. 
Microsc Res Tech 77: 458–466.  
Sanches BDA. (2017). Evaluation of the effects of 17β-estradiol intrauterine exposure on 
prostate postnatal development in Mongolian gerbil. Doctoral dissertation. PhD. UNICAMP. 
Sanches BDA, Maldarine JS, Zani BC, Biancardi MF, Santos FCA, Góes RM, Vilamaior PSL, 
Taboga SR. (2016a). The expression of the androgen receptor and estrogen receptor 1 is related 
to sex dimorphism in the gerbil prostate development. Anat Rec 299: 1130-9. doi: 
10.1002/ar.23364 
Sanches BDA, Maldarine JS, Zani BC, Tamarindo GH, Biancardi MF, Santos FCA, Rahal P, 
Góes RM, Felisbino SL, Vilamaior PSL, Taboga SR. (2017b). Telocytes play a key role in 
prostate tissue organisation during the gland morphogenesis. J Cell Mol Med 21:3309-3321. 
Sanches BDA, Maldarine JS, Biancardi MF, Santos FCA, Pinto-Fochi ME, Antoniassi JQ, 
Goés RM, Vilamaior PSL, Taboga SR. (2017c). Intrauterine exposure to oestradiol promotes 
sex-specific differential effects on the prostate development of neonate gerbils. Cell Biol 
Int.41(11):1184-1193. doi: 10.1002/cbin.10829. 
Sanches BDA, Santos JM, Zani BC, Biancardi MF, Santos FCA, Góes RM, Vilamaior PS L, 
Taboga SR. (2017a). Intrauterine exposure to 17β-oestradiol (E2) impairs postnatal 
development in both female and male prostate in gerbil. Reprod Toxicol 73:30-40. doi: 
10.1016/j.reprotox.2017.07.013.  
Sanches BDA, Zani BC, Maldarine JS, Biancardi MF, Santos FCA, Góes RM, Vilamaior P SL, 
Taboga SR. (2016b). Postnatal development of Mongolian gerbil female prostate: An 
immunohistochemical and 3D modeling study. Microsc Res Tech 79: 438–446.  
Santos FC, Carvalho HF, Góes RM, Taboga SR. (2003). Structure, histochemistry, and 
ultrastructure of the epithelium and stroma in the gerbil (Meriones unguiculatus) female 
prostate. Tissue Cell 35(6): 447-57. 
Santos FCA, Leite RP, Custódio AMG, Carvalho KP, Monteiro-Leal LH, Santos AB, Góes 
RM, Carvalho HF, Taboga SR. (2006). Testosterone stimulates growth and secretory activity 
122 
 
of the female prostate in the adult gerbil (Meriones unguiculatus). Biol Reprod 75(3): 370-9. 
doi: 10.1095/biolreprod.106.051789 
Santos FCA, Taboga SR. (2006). Female prostate: a review about the biological repercussions 
of this gland in humans and rodents. Anim. Reprod 3(1): 3-18. 
Setlur SR et al (2010). Genetic variation of genes involved in dihydrotestosterone metabolism 
and the risk of prostate cancer. Cancer Epidemiol Biomarkers Prev. 2010 Jan;19(1):229-39. 
doi: 10.1158/1055-9965.EPI-09-1018. 
Sharifi N. (2013). Mechanisms of Androgen Receptor Activation in Castration-Resistant 
Prostate Cancer. Endocrinology, 154(11):4010–401. 
Silva DA, Zanatelli M, Shinohara FZ, Góes RM, Dos Santos FC, Vilamaior PS, Taboga SR. 
(2013). Effects of exposure to estradiol and estradiol plus testosterone on the Mongolian gerbil 
(Meriones unguiculatus) female prostate. Microsc Res Tech 76(5): 486-95. doi: 
10.1002/jemt.22191. Epub 2013 Mar 26. 
Stanczyk FZ, Azen CG, Pike MC. (2013). Effect of finasteride on serum levels of 
androstenedione, testosterone and their 5α-reduced metabolites in men at risk for prostate cancer, 
Journal of Steroid Biochemistry and Molecular Biology. 
Steers WD. (2001). 5alpha-reductase activity in the prostate. Urology. 58(6 Suppl 1):17-24. 
Sugimura Y, Cunha GR, Donjacour AA. (1986). Morphogenesis of ductal networks in the 
mouse prostate. Biol Reprod., v. 34, n. 5, p.961-71. 
Sweeney MF, Hasan N, Soto AM, Sonnenschein C. (2015). Environmental Endocrine 
Disruptors: Effects on the human male reproductive system. Rev Endocr Metab Disord 16: 
341–357. doi: 10.1007/s11154-016-9337-4 
Taboga SR, Vilamaior PSL, Góes RM. (2009). Androgenic and estrogenic modulation in the 
prostate: an approach in rodent experimental models with emphasis on structural biology. Arq 
Bras Endocrinol Metabol., v.53, n.8, p.946-55. 
Takizawa I, Lawrence MG, Balanathan P, Rebello R, Pearson HB, Garg E, Furic L. (2015). 
Estrogen receptor alpha drives proliferation in PTEN-deficient prostate carcinoma by 
123 
 
stimulating survival signaling, MYC expression and altering glucose 
sensitivity. Oncotarget; 6(2):604–616. 
Thomson AA. ( 2008). Branching Mesenchymal mechanisms in prostate organogenesis. 
Differentiation, 76:587-598. 
Thomson AA, Timms BG, Barton L, Cunha GR, Grace OC. (2002). The role of smooth muscle 
in regulating prostatic induction. Development 129(8):1905-12. 
Thomson AA, Marker PC. (2006). Branching morphogenesis in the prostate gland and seminal  
vesicles. Differentiation, v. 7, p.382–392, 2006. 
Timms BG. (2008). Prostate development: a historical perspective. Differentiation, v. 76, 
p.565–577. doi: 10.1111/j.1432-0436.2008.00278.x. 
Timms BG, Lee CW, Aumüller G, Seitz J. (1995). Instructive induction of prostate growth and 
differentiation by a defined urogenital sinus mesenchyme. Microsc Res Tech 30(4): 319-32. 
Thum S, Haben B, Christ G, Sen Gupta R. (2017). Female prostate cancer? Pathologe 38:448-
450. doi: 10.1007/s00292-017-0322-9. 
Tregnago AC, Epstein JI. (2018). Skene's glands adenocarcinoma: A series of 4 cases. Am J 
Surg Pathol 42:1513-1521.  
Vandenberg LN, Maffini MIV, Wadia PR, Sonnenschein  C, Rubin B. S, Soto AM. (2011). 
Exposure to Environmentally Relevant Doses of the Xenoestrogen Bisphenol-A Alters 
Development of the Fetal Mouse Mammary Gland. Int J Exp Pathol., v. 92, n. 2, p.121–
130. doi: 10.1111/j.1365- 2613.2010.00756.x 
Watson Pa, Chen Yf, Balbas Md, Wongvipat J, Socci Nd, Viale A, Kim K, Sawyers Cl. (2010). 
Constitutively active androgen receptor splice variants expressed in castration-resistant prostate 
cancer require full-length androgen receptor. PNAS 107(39), 16759–16765. 
Weihua Z, Makela S, Andersson LC, Salmi S, Saji S, Webster JI, Jensen EV, Nilsson S, Warner 
M, Gustafsson JA. (2001). A role for estrogen receptor beta in the regulation of growth of the 
ventral prostate. Proc Natl Acad Sci USA 98:6330-5. 
124 
 
Wernert  N, Albrech  M,  Sesterhenn  I,  Goebbels  R,  Bonkhoff  H,  Seitz  G,  Inniger  R, 
Remberger K. (1992). The 'female prostate': location, morphology, immunohistochemical 
characteristics and significance. Eur Urol., v.22, n.1, p.64-9. 
Wu X, Xu K, Zhang L et al. (2011). Differentiation of the ductal epithelium and smooth muscle 
in the prostate gland are regulated by the Notch/PTEN-dependent mechanism. Dev 
Biol;356(2):337-49. doi: 10.1016/j.ydbio.2011.05.659.  
Wu WF, Maneix L, Insunza J, Nalvarte I, Antonson P, Kere J, Yu NY, Tohonen V, Katayama 
S, Einarsdottir E, Krjutskov K, Dai YB, Huang B, Su W, Warner M, Gustafsson JÅ. (2017). 
Estrogen receptor β, a regulator of androgen receptor signaling in the mouse ventral prostate. 
Proc Natl Acad Sci USA 114:E3816-E3822. doi: 10.1073/pnas.1702211114.  
Zanatelli M, Silva DA, Shinohara FZ, Góes RM, Santos FC, Vilamaior PS, Taboga SR. (2014). 
Actions of oestradiol and progesterone on the prostate in female gerbils: reversal of the 
histological effects of castration. Reprod Fertil Dev. 26(4), 540-50. doi: 10.1071/RD12302. 
Zani BC, Sanches BDA, Maldarine JS, Biancardi MF, Santos FCA, Barquilha CN, Zucão MI, 
Baraldi CMB, Felisbino SL, Góes RM, Vilamaior PSL, Taboga SR. (2018). Telocytes role 
during the postnatal development of the Mongolian gerbil jejunum. Exp Mol Pathol 105:130-
138. 
Zaviačič M, Ablin RJ. (2000). The female prostate and prostate-specific antigen. 
Immunohistochemical localization, implications of this prostate marker in women and reasons 
for using the term "prostate" in the human female. Histol Histopathol.15(1):131-42. doi: 
10.14670/HH-15.131. 
Zaviačič M. (1999). The Female Prostate: From vestigial Skene’s parauretral glands and ducts 
to woman’s functional prostate. Bratislava, Slovakia: Slovack Academic Press. 
Zaviačič M, Jakubovská V, Belosovic M, Breza J. (2000a). Ultrastructure of the normal adult 
human female prostate gland (Skene's gland). Anat Embryol (Berl) 201(1):51-61. 
Zaviačič M, Zajíčková M, Blažeková J, Donárová L, Stvrtina S, Mikulecký M, Zaviačič T, 
Holomáň K, Breza J. (2000b). Weight, Size, Macroanatomy, and Histology of the Normal 




Zhou D, Li S, Wang X et al. (2011). Estrogen receptor alpha is essential for the proliferation of 
prostate smooth muscle cells stimulated by 17β-estradiol and insulin-like growth factor 1. Cell 


































As cópias de artigos de minha autoria ou de minha coautoria, já publicados ou submetidos para 
publicação em revistas científicas ou anais de congressos sujeitos a arbitragem, que constam 
da minha Dissertação de Mestrado, intitulada “Avaliação dos efeitos da finasterida sobre o 
desenvolvimento prostático intrauterino e pós-natal inicial de fêmeas e machos do gerbilo 
da Mongólia (Meriones unguiculatus)”, não infringem os dispositivos da Lei n.º 9.610/98, 











Nome do(a) autor(a): Juliana dos Santos Maldarine 





Nome do(a) orientador(a): Sebastião Roberto Taboga 
RG n.º: 13.591.927-7 
 
 
 
